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R EICRRIBBIZER TH LN, EFREEZEILND, I T, a2 br— L R 1 ppm L0 H4
LIREDEL 725 X912, mE VOEREZBERA TV D,

TRARIE D RIGIRAE OFBIRAIEEICE L T, ~—F v b Z2HAWTRIERBMOHEE 2 72 S, JHELEN
(ZIE e FAKRGER & OB R STz, £z, RPESI~TEMHE O NMESIRE] CTAREL L0 Lk
FEDRIE 41, & MKIRIROFRIE R & OBJ#EA IR SN D,

=

|

FE M

BIRRBIIC I3 1 D FPREET RAZ B D AR

FEooMiwE frEk el D IER
K N

WEDKFIFRDOT —ZIFROENTZH D LR TONEL R+ LDONRZ, BIKRIBITELDOE
BHRIND Y | KIFFIEGEAZEHEL L TR Y . & RISBMRITIE — 7RG 5N R WD —18 Y OfftT
TIEREE AR B D, & 2T AFLLITREAR IR OFIB] 100 651 7, & Ik SR 5723 B 72 68 15l
(ZOW TR 21T 2 72,

REA L DE 5451 100 1] HARFEFT B & PN KSR B DS ARE 72 68 Bl DWW THELT H IR 2 G L TP K R &
ERER DI Z ST 21T 77,

FEHUEEBRY - FRRRBRRS - v UL T - BTIEE - RS RS TR - PR T AR REE -
BB - EEREIC OV CTER OB T TRAN - /NN ORRAKERME TS KX OV R TV KR O RSBl % s &
TOWIM AT L CHERat U, PR TR RS & RO KEMEIZ IEDEBID 2 & 72 PIAMT W
THNHAOHEBERE LN, FrT, PABEBHDICOVWTUIAEEERH -T2, AERIZOVTEE S
IR DT AR D MEN D D LB 2 DT,



KARIRIEE~ DN DB BT D%

FiE MiE MR Dt EARE R
HA JEE OBAESRL BFRET
AR AR I IEE W RE=
Mo Esh BKIE B B WL
Sl SN 17/ S

AT FEA £ 0 A4E R U CHEBNRGR, SROODIERER A - AR RS - M7 & 0PI o hka
JERZ T b B L TV WBMEBYEFI SN L CTE 72, S50, BEOEL L HICAIHEDEE
L 2o TRY, REHCITEY 2RI EHERGENH D, £ 2T, Fex lTKEEEE OBHRAZT
W A HOKBEIROR G EF LT D &L IO EE R LTz,
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T I IVEEETE F THRARBITRIIED D XHERIE £ TIRIA ARG HFRIEDRFE 2R A TE 72, Ll K
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ARYAT ATEaAY Ea— PRLEREEE FIAZ B> TTH 720, RES I TRV Ui+ 55
JECEBEZITTEDLLDTHD,

AL, KBIZOWTDO VAT MEF L AT, KEHERY v (V. 1) ZERLT, \EIHIC
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969- 975, 1993.
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scale. - A preliminary report- J. Psychiat. Res. 17(1): 37-49, 1983.
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STk 1) MAREHRR, EAEE, PP, BEfRE T RE Y B Y T —2 3 o 25:753-756,1997.

14



KIFRIZR T D REREE OFBHIERILICEET 2050
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EHBEZOWTRREIIC X 2 MERFREMOE 21TV P250 OINFE 7% - IR R & o)
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HEAR—E MR tm e
(7 S I % NI = S SV
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WEAEFE DRFZE T, A F/L/KER & NMDA B 7L & 3 U Bz KB EA T & 5 MK-801 DRI 512 X v |
AFNVIREENAT T MITIS 1T 2 KM BB AR AR R 23 B 23 S v, A TV /KERIT L 2 ki e e
ERFICHEERER AT 70E I VBRB IO VS 2 U RIKOB G 5 TR RIE STz,
AAEFEIX, WEEE LAOET VT, ZOMFZ S OICREICRET T2 BT, 0% 2 VERZERIED
EMHACIC LV EEA SN D — (ks H (NO), EMEEE., 7 U —F VANV OREIZOWT, K2, NO'&
0, s LCTAEL, SH Rk b, IREOEMb, 2 hay R TEE, FEKT I 0=k nfb%i5]
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> DFEA & ATV IKER BRI E O BIRIZ OV TRET 21T o 7o,

Wistar HEET ~ b 16 Atz A L, EBREEZ o ba— it (AR | NO G kB RIEHELESCH
% L-NAME 0.1 mg/kg/day BMAEMEN B G-HE (B #F) . NMDA B 7 )L & I 2 s RAKBHER] TdH % MK-801
0.1 mg/kg/day HAMIEIENIEGRE (CHE) . CH3HgCl a5 0 A I L7 B L OVKER & [FE/LD T A
T A ARG Z 10 mg/kg/day T 1 H 1 [BIREH T 7 HRERe G L7 (D #F)  KER & [FIRFIZ L-NAME 0.1
mg/kg/day JEENFX 58 (E BE) 38XV MK-801 0.1 mg/kg/day BN 5-HE (FRE) @ 6 BRIy 1T 7=, #%
H#T#% 2 B BT L3 LIRS RINES JOVIMIM 2 R IR 2 52 CHiRs L JIERE E C —80° CIZ IS PR 1T
Lo = hrFryrollEd, MEEKkafEL, Rk~ s77 7 4 —EETRUEEZITo72, £
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7o, BEZOBRIER, ISR R, 1TEVFRIRT R, KIM, NIKORKEREZBE L, Bat a1
-7,

BEBRHEORMEBE LOVNMEOTFr AT o= haFa v OEAIT, A TFVKBIERGHETH
% ABEBRE.CHHEIENZIL 0% CTREEAIL, BBO DR 0Tz, AT KRG TIX, A T /L/KERHM
FEHEEO D BEDS 0.16210.06%, 0.092+0.01% & A EIC= T a s v OEARRBO LN, /o, AT
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7 E I PELEAIO MK-801 £ 5-H£D F BETlE, 0.016+0.001%.0.025+0.006% T, ML & A F /L
AKEREMBE GREIC IR L, AEIC= bueFa s roEAnmil sz, —7F., REARZEOBRGHERT
E. A TFLKEREMEL 5EED D BEA KM E AR RSIRREF 235580 Hu D OISkt L, NO BHFEHRIO
L-NAME Z#5 L7z E BETld, PRREAINCPE EOREDRITEEO e ho7oh . NMDA BIZ v & 3 g
PHEAID MK-801 #¢5-F£00 F BETIE, B 60722 KIN B E phR el S O RERNR AR b ivlz, iz,
AFNIRGUT KL D% B 22 X FE B 2 MK-801 34| L7z, F7z, A F/VKEHRGREICHRG% 2 BRI
FEAEDRBINFRD DALTz, KIKE L OVNMEORKEEDORIEIX, BEIEEIT> TW5D, fkif, 7 V¥
UK, BRI NMDA SRR DOTEMALIZ L0 | EEEER, 7V =T PANDPEESH E2, ~—
F Y U EN K OO RIZ NO BHROTEMEME 5T 5 AN HmE S TnD, 209 6,
FE M AR FEZE > Glutamate (2 X D FFFSHIAEZE 2OV T, NO HROBEEOBEORZRKE S 1L, NO B
TiE72<,. ONOO Th b Z L& ERERVBBREINTNWD, L 0EMEFEL NOIZEY, TH b
—VANFEINDLN, L Fa R TEERERT =4 —EOEEILINO ZOHLD LY, ONOO 12k -
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il Stz 2 &, F 7 HREHRRFAIC NO A 5 OFEA Z Bl 95 LNAME O 2 F/LKER & [FREE 5Tl
RN Pz AR AR b 5 PR 1 JGR DT, MK-801 D[RR 5 CIIER e b7z,

DT LI AFVKEEEIT I T D ARG IURE E T I Glutamate 25 MfRfEE D R U A —I272 0 | &
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Ak A F L KER 5 mg/kg/day % 10 H RS D% 5 LAMEAKIRPRE2RIESY, REKTETHA®D
diethyldithiocarbamate (DED) 5 X U dimercaptosuccinic acid (DMSA) % 40 mg/kg/day % 10 H [ HIhH 5
VMIPFRIZ THEREN G- L. FEBRBALA 30 A BIZ T v b A AEBEH/K CTERIT U IR - I - ITHE - B sie &
DFRFEKIRPRIE 24T ~ )V H ARFRBEEIZCTRIE LTz, Mk A FLKER 5 mg/kg/day & 10 H RS 0%
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LTz DITAREIRE 1 BNk LTI 2 il cdh o 72,

tau 25 AR T, ATEAEEIC WV TIIUKIRIN « 6 & BIRIELIZ o7, F7o, WBHICRBWT, IR
BEBALDS L & 7o DIT AR 1 Bl L CRIZ 4 Bl CTh o7,

BAE I GMEITE NBEIZHE Y L, tau & I G MEITARRRARR N O JFHHEZ LIS T2 6D TH D Z &b,
[F—4EHH 8 O I FAER] & Heile U CRMRIE TIET /LY A = —IRIC R S N D IR ER R ki3 A M
DRONT, AENEFED D IR TeOfEmmIZ R0 A1, BIEE S L ORI 217 9
EEBIIT NI =D AR LUV OEEERFTH2H 0 ThHhD, £/, TAYNA =R T U ATV =
VIR ARP BN TR EZMA 5260 Th D,

ABKRPESH RIS RIE TR T 5 AR, BRI

FIfEE T it 2 ARESAR
REE RER
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FHEKIRPEECIE, WAL, 7385, B 571, muscle cramp 72 E OFHIEIRD A B D, ZILE T,
AR TR K DR RS E OIS OWEI1L D 203, Mk~ D BN 22 B 2 Gt Lo A 1372
WV, AREKIRIEIC LD FIEEOFEZI O NNCT 5 BT, MERICS SR AKEPHEET LT
v MERWTHRE L,

ETFTNT v FELT, 1) BMRIEET VT » b (MeHgCl 5 mg/kg/day x 12 H¥% 5% 7 HH) 2) 18
AFNVKEBFFEET VT v b (200 pgkg/dayx6 7 H, 127 A, 1478, 16 7 A, 187 A #&5) %Xt
gL L., A (EDL (Extensor digitorum longus), Soleus) 35 KX OMSigias (MM, KAMEZE., fFlg, Bhg) o
MR ERE L OMEROK SRS EmOREATT 5 L & BT, EDL, Soleus P DWHKEEIAIZIS 1T 2 Mk b7/
5 (H&E. modified Gomori-Trichrome, PAS. oil red O, NADH, ATPase, acid phosphatase, succinate
dehydrogenase (SDH). cytochrome ¢ oxidase (CCO), myoadenylate deaminase 4{) %4177z,

BAMRIETT VT » b TiE, HIRNRRKIRE &I EDL, Soleus & 12 37.3 ng/g CENK(75.8 ug/g). I
& (54.8 pug/g). KIMFZE(41.3 ng/gZfii\ CTEfE CTdh - 7223, M/KIRO & B EIR, FFlgic b LigE T
b olz, FFEFINIZIE, I b RY 7 OZ%W Soleus AT b= KU 7#H#E ThH5H CCO, SDH
TEPEQLEA MR L Cue, @hRPEdS K OMRREMEZGIZRE 8 B AL D25 7= (Toxicology letters, in press).
—J7 . BHEATFARBHFEET AT v TR RKIRE &IXBIES>TIE>>Soleus, EDL>KMMEE ., /M
DIAT, #H CTIEBWD 1715, FFIEO 13, K, /MKD 1.5~2 FOFEFRETH -7, B, IR TR
IRFEIHEINANGRD B ALV, N, KIMECE. /MM TIX 6 7 A LABEOHINTIRE CTh - 7o, KRS
wiE, B> ATE>>/ I id> I B >Soleus> EDL OJIE T, MEHKSROMKEIT ST 2 ik, Bl AT
ligh, /NI TIEAS 2 K9 50 %, 30 %, 6 % T o723, HATIE Soleus TH 1%L D7ino7c, Mkl
FICIE, EEZEZSH D H DD, Soleus AT CCO, SDH JEPEGL AN control {2 LK T O 2588,
AFNUKBIZE DI b RYTEE EDNATL, L, 187 A&KGHTH I har R 7EERIENE
KTFREDIDDAHRT, IANNTF—DOZITFHO Lol

LLEX 0| AHKEEPRE T, FRICEWTI by RUTEHRE CTH S CCO, SDH DIEHIK TR Z
L2 ENHLNIIR ST, THUD OFERIEEO FIE TCA cycle Z#8#I L, X har KU 7T ZxL¥—
REEELZOS BT, KMIEETEL AN HEIME W&, ZOI har R 7z xLF
—EIEENR—H Lo TWD AR B X BILD, A TFIKIERERIZ LY I A F =R BT 5
MEIDIT, ABRIOIKRGE, BKEHHZZ ST THRRT L2 LB ETH D,

A FIVIKER DRI I BT REIZ B3 5 AU 3E
FIRF A% Al B
T, B2 OB 2 TEER & U UEERER EORUEECRIEA PV ARER SN TE
TWb, AFIVKERITHIAN TIEEREZELZ R ESE DL ENMLNTWD, £ 2 TAFILKER L MfnE
{BEDDPDLY ZHLMNIT D702, BREA N ADOEEBL KM LT, ZOREBEAT LT 0
2 OOMBRIT R AT L, = OfENZ % W T A F LA L A EER X OPEK F 2 oW TR

L7,
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NGF #5512 THBHI~31b3 2 Z » R cell line PC12 [IZHIfR Z(LHRBHE & LCabnd 7 I
A4 RBEAEDORIBEAETH D7 I v A NABRAE HE(APP)D cDNA Z {5 8 A L, FEFEEIZF] X &
Ja—= 7 &k LTIV, APP BB T OLER B Z 572, A F KL E% D WST-1 1§
PEZFRIE & U7ToMR s OB Tlid, BCso 2% 0.3 uM & IEFITIREZIED E 2o 72, L L, FIR(EAITSH
% trolox # [FIRFHE -3 2 & MR EEME D EHE 3F80 AL, AMLD A F KM EIC B LA N L AR
BIG- LTSI EMPRB I LT, & 51T progeria DIEIRDN A D 412 #E %9%  C & % myotonic dystrophy
DFKEETFE F 34 b=r7 1T A »FF—EMIPK) cDNA % Bl EA L TH L7z MIPK 22 E %
BUMIER T, A F/LKER 1 uM 0N 24hr . TUNEL %I X 2 f8RLF2A0 725 Tl - DNA O F544: A
R 2HERD . ET-MIAE XL 0 i L 72 DNA OEXVKE) C DNA ladder DFT A2 1572, #E-> T, LT
B, AE(LFHIIZ DNA OB ERERD S, AFLKBIZ LD TR =L A2 MR LTZ, ZOTRF—
VAL, FiBEAITH D trolox & [FRE 542 LMHIFRETH Y . Z DA F VKSR EHEECEE A b
VANBEE L TWnWD Z EVURIE S 72 (Neuro Report, in press),

Pl B EACZL D AT AKBOREL ML\ 2 DORMBLMITR 25, A T LKEENFHHR
THBEA N VRIZE DT R b=V AEEEMR LT, 5B I 5IC, AT AVKBBFERTLMIEA L
AWK DT AR M= 2GEICBE L, MG SR X OB oWk S ME 5 TETH D,

RHME A FIVKBREDO T V~DEE
— =7 A4 PN DRIREEICEE S 55—

ME Stim e e EAGE
iy B &R = i LM

BRI L D A FAKRFMERBICHONT, b b~DIMEEZEET LA, EEETHLYLTOD
WRPEEZRTH D, KREBRTIIA T 7 TORAFNKBHE TREIN TV D REEERILM P RE (12
ppm) FRFE O ifn HR S R WIMERE SNV AT IR L A I, IR~ OB A R LT, IR FTRE e D L
BT Y 7 L, IR 1 ppm D A FKERE KA B IEE THRICE X 2, HERTILO
HEE) R A RIME (RIR) Bt o — 28 Lz AR EB) EHE S 27 22 v, 8 H 2 REEEE L,
YRk 943 Al =2 A4 % (No.118) DIRIRDMERE 7o DT A F VKR EH K EFFAMRE 0 HEE T
ARICE 272, 7H 9 B, 350 g DHEMETF AR EENT, EEOBIE TIIANRIICREITRO 5T
WERE S IEHE Tholz, —BATEMBIZE T E VL 60T 7 TR 2 E0n/a ) RN A 54,
FRIEE) « H KT O X 9 KRR B ORERITA DR o T, HEEREO MK ER VIR 128 0.857
ppm TFHF /L3 1.810 ppm TREF /L DK 2 (5 OKIIEIE Th o 7=, EHOEBRIT, WL & bITHM
L7z, AlEHEELTCOay ha—AP L L DENTE TRV, 1 ppm K0 10 LERETHIE
PI~DEEPREILE I Th D,
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ARSI/ RIGIRE DIRIRIIEE D R AT ICBE 4 D5
—v—Ft v FDRAFNLKEHEFEDERFEFZNME—

it oLwl wX w4 &
Bifs  fEHR  RKE GER TR BUT
gk e

b N KIRIE DA RIR AR AT —E DO RZ = BB 0 | FRHCRARE X OVNERL O KM 132
DIFRFEEDRH LN TH D, 2F 0, HEEESEI LIS, Ho0&E, FolEiE, SEEEEE O 2~3
JE ORI RO DD, T O ORAEEFIZE L TL, IEoEEZ HTW WD T, ZOKXIK
JREOBIREFE DR ETF 2R T 5 F2 BN ET D, ATFAKBHETITEERHY , FoWET
IR ARRIRAE D 58, TE > « v —F v b (Common Marmoset) % F\ 7z X F/L/KERFEEIHAILE
kKRS & OFRIPEDN R L | KT S D, Matsumura et al.? 12 & o THERIRBHHY4 B OBFZE I WV B AT,

PRER & O B R BLO R &L . MHKERIEZ =% — L7220 b AMRIEICE 2 &5 20K
&L HIRRIC X DB RRE 2 T o 7o, KL /MK, FRE. BRI 351 Dk ER s K OMERE K SR DA DI
TE L KSR L ROR 2 i L7z, 72, MRIEGOERE L O EEE O T HEEM AT o7,

FIRBER N R ENTZ26] (v—Fk vy FA,B) ITOWTOFREFTRARNS, ~—Fty b AT
HUATE SRS 2 P, RN E DIRIE RIS D72 UNZE st o pbik s 7 ) 4F—2 2 %
RDD, BEOEEL 7 ) A= 2% o T D, < bEOFRME L MEIRED Loivd, METIE, &
TR DZERIZEME, 7 X o IR OWL & F OBVEE O ZE RN R B 5, FRAM AR T, Ak
PR | AR AL R O IERR 23 & 0 $il 3R O AVERREE DS L DV 5, BARAPRE DAFHERLE 23 L 0 38 < |
AINRIARREHRHE DO BEIN & IBIFRRME DN 258 5, AEARR O AR, R, B OBk R O i
IR EHIER DR WD, B, IO KSR RN TR, ~—F & v M B OKMHREIL A &5
LU TV D, /MMTIE, BRI OE LOBEEER R H 0 | o FRBICERERB/ N EREER RSN D, 7
IV v RO BEIC 7 7RI O AT 5, BT, BT, BARMRILICHER OIEIR 3 & 1 |
PRREHRHE D K/ INRR A8 80 Do MEREDISRBEREE DEMEMEZL 2R 5, REFREIT A L IZIEFERTH
%, BE. FFIRO KSR LSO TR, MRI & A RESEIC OV T O FEBR 2 6] (v—F &~ b
E,G) IZOWTHIRE SN TEVIFHE L OXf L EIT> TV D,

FRIZaE Y « v —Fk v MIHEHAMRIED A TV KR ERE 2 28 L C, MR Z a2k
FEAMEE L LTRSS L, KRR L SOS CREBEK SR DM OIS FRE Z it Ui, KM, /MK,
RAARIRE DS ICBLIL, WA MBLO X2 — e MKFICEEL L TR Y, K BROEBRET LV &
L@y (=27 AP MINRIRER R Hen) KVENLTEY, fEEIRNDbDD, A
TR I 1T 2 FIERIEOHEE R K OVREREEOMIICAEMN TH L B R 5, MPF/KEIRE %
REFIICE =4 — L C, RIAERME (8~10 ppm) 2SHEE 472 Z & IE, BIE/R W L HEE O KRG AR
WOET MERNATEEIC 2 572 L 25, M, MRIE X OUMERBEIZE L CONPRFHI TE TLhan
DT, FEFIAE R U CREBRET L & DX AT 9 &2, BERRHE T OM R TRk U5 2 N 2 Tk
R E DFEAERETFIZ OV TR 22 21T 9 o
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SCER 1) AT BH, WEEEE, RBWZERE, WAR-—, it VYL (Common
Marmoset) D FEERAY A F/LRKERPFREI BT 2078, HRAREL 7 (4): 414-420, 1990.
2) Matsumura, K., Eto, K., Furuyoshi, N., and Okamura, R.: Disturbances of accommodation in
Minamata disease. A neuropathological study of methylmercury toxicity in common marmoset

monkeys. Neuro-ophthalmology 13 (6): 331-339, 1993.

AKIRFEZ B (1956 F£—1973 4F) DFERAKERB L0 VUV BEICE T 5138

g el X = PP B
T ATHE

IRARIF R B 450 1 Dfiids /KEFIZ OV T, BRICHELIZ K> Totrsh, EMEAFH ST
VB D R IRE ORI AKRE LBER SN TS D, L LA b, ArERIERFIH D RVEFYI o H)
EMEOH T, [l KOO KEBIH RS FV A TRINTEY,, EHIC—HOEGRICE L TAF
WK DEREN RN EMNE ZONWEZMTET 2HENH D, OB, KK OV B L
T, RO L T 5, EleflEgs Ot L REORIE ATV, KERE & OFEBIRIfR O A4 G
Do

1956 =725 1973 4F £ TOHIRG] 47 B>, KIK, /K, TTHE, BIROMBAKER, A FILKERE, HEHEKER
BLOBVVREZNE L, S 02~03 ¢ Z#8ML., ABKEHNT, AU harheotAa
PF—=T10 % (WV) REVF—F& L7, 1) #KEIIARET X — % 2N NaOH T 2 5T, INEL
LCHIIEEL, T Lz, 2) MEHOKERITAREY *— b (025 ml) ZHEEe@et: & Lictk, b= it
SEHEVIRL, DWTAMT—T /LT R, 7 AE L—& THISRE % 52 212BRr 2% L7z, /KF% NaOH
THRIR, BREOKEREELE LT, BRI Lz, £72. 3) ATFAKBIIFESR—F (0.25ml)
ZYRFEEAPE L L7-th, 1ml @ b= CThitH, RAL= 48 (0.5ml) O A FIKEE 4mM 7V F4
/100 mM U R fEE (pH 7.5, 0.25 ml) (2L, ML= HBEBRE LT, RO XS ITAl=—
TV TR 2 52 RITBRE LTtk HIEEmEL L, 05 ml O b= Tt L, A FLKEREEE L
776

T L OWEFET, SIEEER 02~0.3 g 2 B0 & 08 [CAPEER I L, JRASEE 2 ml, JEiE
WHERBIml 22, 7VI 71y 7 SR TMEG IR LTz, AR D 72 < 72 5 F CMEVLER 21T - 7=,
vnte. IREEE 2 ml 0%, FREE 1000 C T30 ANz L, #it L UBRICEIE Lc, ZAUTKEI R T
A S mIC L CTHEYEABHERL, 005 % YTV 2« MUZUEIRT 10 0MiEE 5 LTl L7,
ZOfHERE P TEEICHRL, 7 L — A VAR FUORETRE Lz, 72, BRI FOR 1%
WA L ARG 2 7R L, 100 ng D& L > & RIS L TR ERAZER LT,

AFEIL 47 BRI, /MK, R, BEIRORAKER, A T /LK K OVBERE K SRR A E L 72, T,
BN CIEBAERNC I W THEEKRO O 5F5I603% <, & IZHEBTIZRM 80~100 %% 5T e,
Fio, KB, /M, TITRRKERIEEE S 5 ppm LA L @ 2 R 3 BRI O BB Tl A FOLKERD 56
LHEIGDZ (K50 %Hit%) e, 612, RAKSMEDY 0.3 ppm LA T OIRWERNIZ 725 & A F L
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KD 5D DENE D m < R DMEMICH L ENH LTz, BV REFBENET TH D,

KREERIZE L TE, A~ U CEHIEEMBIISE ST A P =0 TEHaic—fbahinizd
(2, BAREHNSIET v VALBR AT LT D BN b 5, AR NG IC I 1T DRt RERT O BERR KRS LT A
FIIKRD ED HEIE 2 LT, £ OHERB 2 RRERICHRET LT, BRB & O AR LEE L, JIE
B OHEE A gk O KERICHNC B L COM e &Mk 4 5.

SCHR - 1) RNES, RO, MUK, WEERTHE © KGR O BT BT OV T OKERD
i« iF - BB DENA & IFAEDFLEIT OV T(1956~1989), ifilfc 2, 23: 9-31, 1991.
2) I, WAL, FETHE, R —, TS, AR RT (1987~1991)
DIKERFETH Gt XA B 1] O gl /K ERAE K OVK ERARARA L 7 RG22 T
—REARBLN & UL R D L —  REAR [ P38, 67(1): 1993.
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3. HE B O 3 B
W oE o =

FEHERTFRER 1L, AKEML B D ERNITIS T 2 mIERBUE T ICBT 201984, £/, —H CREDICE
J D KEROBREICRE T 28 2 D T X 7o, A Tk, AKEYEEMIC L DB ENE ORI & s Elo
BRI O BRI N ISR R PO SE A2 1T 70 o T & 7o, $H Tid, KIRBIRE D HEEL 72 /KR
MHE B O EEFIRRIED D | MPERBLE S 7 O RFEIC BT 2 00 7AW R L i & . BicZz ORIz
£ 2 BREFIEBFE ORFFE~ LTV D, SRR 8 4F 7 A OUGEIZ X AFFERT D4 RS KRR S5
VoA=L EFPNCEE A IS LI A KR e A HEE L T Z el o T, HE
HEWFIEER O FEBREFJEIC ST AR IRBAD RO LT D, BIE, HARENICITER IS EL T T X
ARG TR < e o 1o 7T DVEDR IR EENC IV TR OPE ETE B I L KRB K
SRIBYEIT LTS, 2D O/KERTEYHIR OE R IT, KRR O 2 FEIEORBUT R STz
D3, ARBREE D & R E O /KRBT 2 RIS T T\ b, 2 OKBORE IR O ZEA~O R ITE R
FIZHRIBEE 722> TR, 2O XD RN G ., MFgEE v Z —23T72 5 EERLFEMIZE & LT ovfEsh
A & O A TER TE D & 91, ERIIIIE S | ZRNECTREIE D A L 2 P80 6 | RIREE R
VR R D FCBRI . RR TR I~ DRI FE R R D S BT JE 5 ~ D 7 a2 M B 221372 B 720,

F7o, BHEERIC R W TS 7 A R SLEELNTE A DS ESLEREEMFEIT ~ECEARR 2272 0 | R E S
BREEAF ST & (LR — P SE B S LB 2 THEME LTz,

YAFFEER AL O FZRWREIILL T OB Th 5,

1. ARt 8 B9 5 EERIIITST
1) AGERIN~D MR BT 2 AR
2) AEHEREAE G~ DR A TR B BT D AR5
. BREE MEEEMILTO invitro (23T DA, HEEKSROMN 534 O
LA E T A RA o OABERIEEEIZ BT D AF%E
. AF VIR EIZ L D EBEE A = X A ORGE
- IKARIE K D KSR AR B DBFSE
. KEROAERNERE (BRAKEBOEEL) 2B 50t
. AERRIZB T KR & BT FEOMAE/EMIZEE T S HH5E

N O O ok W N

FAFFERE O Y = L BIIILL R 0@y Th 5,

JREREIIARE 1. LR 2. A L7n, B - D) ISBW T, BITEEICEEE A TLKERO KR
BO R % WL 3 D A\ CARIFAESFAIIE O L, B5E A, BUSRTIEOG R 2D, KR Z ofii
OHFHIEO BB A FTo, M8 1- 2) [ZBWTH, AMFEEICHE A FAKEORAEPI O EFHFE~D
BRI T 2 20O WA ET VL LT EBRROMEZED 7, 8 2 128V T, b N HEKHE
fied 22 FAVN T A FL KR & R KSR D SRS MR N o A O Helk & BRAG LT, E72. PRk 6 (RN OF}
ZRATERE S - K X007 21 © BEEE 2] ICBIT 238 [RBEMF 2 5 CoMBFEARMINOBA
DA T = AL L 53] (T 2 RAAEE DR BT > 7,
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AT EITIRE 3. B 4. 2N Lz, R 3. TIERMEEICREMA Z 0 F A1 A D7 VERIK
EEDPFE, KEZRKIRERICR T DA F 0 FARA CFFELBLAA b L 2ADORMGR, A Z v F 43
A 2D XM~ DB it Uiz, 8 4. BFEEET OB OB CEBIEED A T =
AL X X— R OE NSO OMET Zflta Lc, £/, ABE=sIIERRE S e, Ay Lz, iE
5. 1 FEMFINIC & DBREGH LI DBH%E & LLEE OBREE O L 2V OFHliE O 2 Bfs b0 T,
KB OERWITEOEEEI Y T2 %, KRB BAKIRMVERE 28R L, AKEHEFAE ORISR0, M4
e 2 VT oL EVERMBIEORRE 2 Bl Liz, V8 6. (IR W Tk, BREEH L ARNICE T DR
POKROBRACSOSHE 2 5T LT, £7o. AREED b REEINIR B9 3 M O B ST 7212 36 W\ TilvE
(AR IR i i OO BLEE & RETEEL] DA bATR - T,

M 7. ICBWTIE, B L OFBIAEIHIC K2 7 b — A L R FFIROEIEIC L D TEIE A BRSE LTz,

hE BT

ATERIER B T 5 EBRAFE

1) AFERFI~DOEEREICEET 5 AR5

4 B HNHE R REOEA

il

REaw

pli}

R RITKE T 2 A F VKB OBAREME A FERICRET T2 2 & OXBEMIE, IPCS90 THIFfM STV 218
D ThD, AFFETIE, RIARZH S AFER O EERERK T & 70 5 AFERPN ORI (ha R A SRR,
ARG, S TR EGRRR O, I FRRRR O, K. i) ISR L. EREMWE VTR
I B34 B AEFE RSN RT 5 A FLKREROFENE 2 RNT 5 720 ORI ZE 2 %173 5 Y,

AEFERINC BT DA LiESE, R EZHE S Z s TSk 2 @R 21T 9 Z ST EE)D
RaoiE L 725, BEC, AR (Primordial germ cells; PGC) % W2 ASHRFNT K D EEED
BB T 272 OOFERAREZHB L TVD, A TIIZOREREIE T, OFMEFHmOME
ELTITHW DM Z R D PGC > & i 2 AT CAEFEFM D <Ok R0 AQ I EGRERR 23R fTREZN & 9
NERE LT, £ QB8O H 5 51k E T 572D PGC 72 b NI AFHHIFE  (Germ cells; GC) %7k
BRAE N T PGC X° GC DME R o 72 F & THIH & 2 2 /Gt U AR~ OIS A 2 gt L7z,

A FIVKRERNT X DMK T 5 BB A G 2 ERROMENLIZE T 272010, ARFELEIT R
R% FHWTCEL T O AT > 7,

FFROKE 1IN DAL Tl D PGC D HIFEFHNE, B8R, MR AEEZRR T2 & bl
Bt L7z PGC % in vitro TRIINGTE T 572D OREEEM At U, £ ORISR & Et Uiz, BRI,
SPF =U kU D5 D PGC % invitro \ZEV 721, 96 /X~ A 7 1 7' L — KRN T KAv-1 Medium (Kuwana’s
Avian 1st Medium) 2% A & U CAROMBER T2 7N L T PGC 12k 25 R 2 st Lz, =
DFERZZIT T, BINL="7 b U MFKRIZ X 5 PGC OHRERFEIE OS2 /ET L, A TRRICARRENIZE
5 LTk z B LT D A5R SO/ (ORFE XAE5EFARA ; GC) % in vitro THFE S W 57291,
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DS 2 KAv-1 Medium % VN CHf2E L C GC ORSESM 2 Mt LT,

AFEZEN KT B A FILKERD TN B 2 iatd 2 ROFEST. DT~ O ICBITAERE 28| X 5% . PGC D Hifi
B, BEREM, BRERAEOWR 21T o7, BUEEEICEI U CITHLEE 3 Rl % O Rl AR AN O A= f7 381
ﬁm%%uikbfiﬁéﬁé:&ﬁﬂ%&&oto%%%#K%Lf@\%%mﬁﬁﬁmﬁﬁkﬁ*
T 5 (RHINE SR OFRMESE IR 258 R 45 Z LI & » T PGC HIFERAWR LT, ZOBIC, sz

% AL (Cspr-16WE) @%%%ﬁﬁé@é:kﬁ%%@tbK\Iﬁk@%#%&m#ét
XM, 7 ALV T 7 VB O FIEORF AT o 7, FERIZIE. ZOWEDOHIED 5 bHEWEIC
LD RIE A FBMEOE TENLTWe, ZO7HIl, T ANT 7 RO G 2 it U TR L ME
Rl d5citl 72 ALBR 51 & L C Kav-1 Medium TH# L7e 35 2 FEf, A 4 pg/mL TREET 25 Z 22X b
il DY G FH ORMMETF A 5 i D & ORERE 572,

LLED & D BB RO 21T o o Bes RFEFE OB E U THBE L7 PGC %2 7 HHEE T2 L T
#9100 FFFROMISIEIEZ FF TE 2 L 91227z, HIZ, T ORSEMIQII BRI HE R F & £ D% D
AR EIZBR SIS, BRSIRTFIC L » CREOMIRZ EH e L o7,

SC#ER : 1) Kuwana, T. Migration of avian primordial germ cells toward the gonadal
anlage. Develop. Growth & Differ., 35(3): 237-243, 1993.
2) Kuwana, T., Hashimoto, K., Nakanishi, A., Yasuda, Y., Tajima, A. and Naito, M.
Long-term culture of avian embryonic cells in vitro.

Int. J. Develop. Biol., 40: 1061-1064, 1996.

ATERIER B T 5 EBRAFE
2) AFERMEERMREA~DORLEBHEZECET IR

A4 B  Teresa Rogulska

WIS SRR C D AFEETE R~ D A F VKR O B % FEREY) 2 AT 2556, BB, b
L < VXEEIRIC A FIVKERZ 5975 715 ClE, AT 2 MRk 9~ 2 MRS 33 2 B R 2R B 72 D ),
AR (F7IIIRRAR) ~DOFEMND < 2 ZIRINFEEZRODDHE TE U,

AWFZETIE, A FAKBOBMAR DRI 2 T 2 72 O AR Z 5 AR A A AT 2 (A5
FURR ISR Z o T Y BAEYMIOEERA~OFEIEF BRI T 5 Z L2 BEE LT, ARk
T2 AR D M A Tl 2 EB R 2 R A T L L L THIE A T o T2,

AWFFE T OB 21T 9 HB I FOHEE & Lz,

OPGC Tk 2 FHH K~ %8

@PGC & (RN & DHEFEME & A AR ~D R 8

@PGC 76 GC ~b S DR F~D 5%

O KD T DIF A 7Y 2 — L~ D

A AR R ARAIN ST B AR B AT D00 ay bu— b LT, OFIF3~5 HDOT XF |
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=T U ROAETEIL & AEFREN O E D2V TR O 2% in vitro TH;FE L1z, @I, AFHED
IRHRRE DRI 5 BB A R 5 72012, IRFIRASATRE TH 2 FHENR 2 AV TLLU T OBFZE 2 34T
T 5, £, WO T EAGESL 2 ARINCE Y H LT, TOAEEEEEZ Gt Ty 2 4B ICUER L7z
RA MBI 5, ZOFR%E, =7 FURE T XTI E DRITITV, AR A MERO PGC 23EAH L 72 425l
BFHE (PEARE) 25 S bR 2 ML,

AAEFLIX, PGC & ARHIMG & OFEEMEZ AT 2808 E LT AREFIE) b ORHIAE 7 DO EF R O
NLEAT O T ENHNKTZ, Fio. VATROTEAMEERA =T N UK (TOERMBEIERA YRR ICBAE L
Teo TOERBGRT, BRA MED PGC 1TV X7 ATHEIFRICFHE G S D Z Lhbinolelch, SRITAF
IV K SR T BT A 0D LA & T DI H O BRI 2 B W T MR OERMDB LI L 12D,

SC#R : 1) Rogulska, T., Ozdzenski, W. and Komar, A.
Behavior of mouse primordial germ cells in the chick embryo.

J. Embryol. Exp. Morph., 25: 115-164, 1971.

FHEE MERMIRTO in vitro (28T 288 - EEEI/KROMIIAN 240 ORRET
— B RMIRE BT D KRR DB DORREY

T

5
= o
=
®

st B B KK =
W

S
(=

AR O KRN0 DR DB WOV THEA ORENH D2, 6 OEIFFIFEEM T
DEEBREMH OB L > TR STEIZZRD L Vb TS Z EnD, ETHUFRETEELIT> TV
HARAEEICOWT, ZOKBEZM A an =—EEZ VTR, ERIZIETF v A =—ANLAH
—BNELH 3k D Chinese Hamster Ovary (CHO) #fifid & & k& H >k D Hela-S3 i 2 VN2,

a v =—EIC KA AEFREORIE TIL, SEEEICBWNT 0.5 uM L ED XA F KB TEMER R 5D &
INTe Y . AFIKERE D 5 & IR AR R ORI R R oz, F722.5uM UL DR
Tl Hela-S3 #HlEAY CHO fifid L 0 @zt & 720 . 5 uM TlX CHO #ila & DT 10 5L EOAFERFED
EWH L B ATz, HEFR AR Tl CHO M A FLKERZ & 5% 3 H B £ COMIAOBIEE 21T > 725 1uM
AT CIRIERERE & ORI AEITR 6T, 2.5 uM BLETHFEDOIR T R Hiv7z, b U R 7 — Y
FaDHBUZ DWW TII A FAKEREE S 2 HE ETIERAOAT, 3 %225 2.5 uM DL TY ki (FEATRD)
OB R b, ERKIEOFRMEIC OV T, Wififde b2 3 =—{ET 10 pM 5 THAFRRDE
TR ST A F KRN & ORICKEZEWR A S, CHO MIREIZIWTIX 10 %EfF3RN A F v
KERT 3 uM 1Tt U CHEREKER 1T 40 pM LA & 72 0 | R URREE D FEMEA R T DI 10 5L EOPREE D7)
Foiuz, ARRER C O EROK SRS ME DE VS Hela Ml L 0 EESZHETH D | 50 %4553 T CHO #
fa 23 25 uM T 5 DIz LT Hela AT 13 uM & 72 V) | Hela MEfE2 A HE - MK ERIEIZ CHO & 0 @&k
ZHTHDHZ ERbhoT,
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A ZaTFF A v DOAEBBSEEIZEET ARk
F2W. WMAXOFIRAVFEETINT v MIRBITHEB{ELRIR R LA

7 ® O PE OB CPlRdsE T

FHESBSCA N LA THFEEISNDI A X 0T 434 > (MT) IZEHMFRICIE L o L, ERN
THEBOXL—T 4 77 V) =T VHNVOMIRICHTHE ST 5, MEEEIIKEILED O RSB T
FIFALT, 7y MMIZET 2 MT OFEZRA, SRKEAKIRET L2 LIck-oT, 2#BLLEIC
DlzoTEL~UL GHROD 2 1%5) O MT 4R+ 2T 0T v FEERT S 2 e nTE R, AHEE
X, RETLT v MBI D KAEKNIIZ L DA NV AOREIZOWTHRFT Lz, BBEKTH, 7 v
MI—FF72AE ORI 3E Z 2 OH T, [TENELEOMBIERITBIE S o 7z, IMOEERLIEE
VoL, BRERE T B ICIIRHRBEIC IR T 33 %D LR ARTN, TO®KRL D L, 2 HE%ZICIE
XHRBEOMEE TR T L7z, $£7-. SOD IGMEITMEERERZ ITIXT & A EZEARO LR o Toh3 | REHERR
e bbb ERTAMEMER L, —J7, MO 10520 E (114 pglg) OKIEERMRD 6 -5
JECIL, BEBLIEEO LFITFLEALEB I 6T, KERTIBEICL > TERB LIZAKE RENHE &5
Z6D) L DERE~ORBININZ 2R Lz, Lo, BlROMILE CIXuEE 238l
HINTo, MT L-YWTIEE& TE B O 175 ECTEA L, ZO®%BIET 20 3% TH 7
fED VLIV EIR LTz, BT OMEBIIHIELBSRIEE CH BRI, MBEK THHADO SOD, # 4 7—8,
TIWEFF b v A —BIRERZNEN., 23%., 38%, BILOR2%UDIKTERLZ, 2055,
Al & OTEVEIZZ O 3 B TR 2 \CHIBIL < £ TREE L=, X T4 ~Urt o 2 —BiEik
OEEITELS . 3HEBB THLRBO 75 %OEICIEE 72, 2O Lid, Z OBERN KB ENEICHHD T
ETHDH &L 3% OBNRICHIK. 40 pg/g ITVVKERNZERE L TV D Z L ICEET B2 HND,
F7-. R TOZE L, BEBEZICOLMT LV ERBBEIN LR, FibEEEEN. @i
BT HREBIT LA CBESN o7, DD X Hiz, AEIOKBEKEET v NET LTI,
ERE DO KEREREN B Z 2Bl a0z, AT TS 20, BEIEEDOIRS Z > TNDH NS Z &b
Mol

SCHR - 1) Yasutake, A., Nakano, A. and Hirayama, K., Induction by mercury compounds of brain metallothionein

in rats: Hg exposure induces long-lived brain metallothionein. Arch. Toxicol., 72: 187-191, 1998.

AFNVKBHRICE DEBEED A V=X LIZET P

R —# = ' Pl B
BoA MR EAEER R =& U7

A F VKB FO EEIERO—DITEFHEE N D 5, BMERS XA FILKEBIZ L0 FHoEb, %
AN DEFEENG| X SND 2 ERHERINTWDED, EEIEERAED A = XA TE
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KRR R Z 0, A FIVKERIC L DEBEERAED A = XL E AT 5B E LT, A F/LKER
H3E 7 v MERIICRIT 5 = 2 X —REIFEF IOV TRET L7z,

7> b (Wistar, 12 85) IZAFAKBEREOEE (5 mg Hgke, 12 HfE) L, AFAKEHEFET L
L LT, EKRTHR, BERX, #EFETVEOBRLE» LETIEEDORELHER LI, Wi nt
NIRRT TR NMR ZEENICE & | JEErREE XU (1 Hz) 12 80 BEIE M B 4 B LTz,
AT HULHE ) 2 IS BR%E L7 e B2 E IR CHIE T % & [FIFEIC °'P NMR spectroscopy (Z & ¥ JE &
DEBHO7 VT F ) gl JOMERY oLk K ORIEA pH Z28IE L, B /X —{X
ORI 2T o7,

AFNIKEREEE-Z > N CTlE, BEEMRRERRITRIC X 0 AT DB IR 2 b — LI A RIS
&2y~ 7=, £72 °'P NMR spectroscopy HIE A B A FI/LKEREE G- T » ~ TIEEE H OMIEA pH K T3 =
= UZHEAREZ DI WD ER NIRRTz, EEITOMIEA pH OIK FiE, MEFERFEENIC L S
WRIFLBEA LT 5 L VWb TS Z Enb, AFAKBEE T v N CTIXIEENLE 5 B OfiEhE
ROBEBEZ VIZ WEZRDIND, BHIZBIT DMBIEROEEZRETT 2720, KEBIZI D Frit
ANCPHEZZT 5 Z E N BTV HEESE ThH 5 phosphoglyceric acid mutase (PGAM)IZIER L, A F /L
KER$ 5T FIERER 0O PGAM BESRIEME 2 IE L7z, PGAM IEMEIL, = > b v — VBEDPEIE R Tl 1.41-
U/mg protein Tod 2 DTk L, A F/VKEEGHETIX 1.24 U/mg protein & A EITIEMHEME T LTz,
LLEDOFERN D A FVKERHET »~ NEA CTlX PGAM EORERIEMEORE 22 £12 X 0 b Rps

(CEEEANE Z 5 FTREME R STz,

TKARTEHEIK o D KRS FRAIE DB FE

PR OFRE S E

%\(\

o B OIER

ZHNETOWET, EREDKEELZEZ A TVLREED~ Fa TiL, WAWAZRIKEULEITTitED
> 2 KRR LK RV A4 2 53 i C & 5 /KSR AR O (MBS EE 23 LIRS G D 72\ il < ORI
AT, D2 mnZ ERB BN 5T, 22T, AENEL, ~ e &IIRIOFEEOME N EATWND,
IKARIBWE AN DN T, KIS I B D B2 OB O HEIRIZ DV TR L 72,

WAKOY 7V o TIE, FRROFD 4 ADG 8 A E TOMIRNIKEENS 8 [al, KEIGGED 7o ot B
e U CHREARROEZ W KOS ROK  HED D 6 [B0F 14 [B1 7V AKERITE R O HEBLE L OVK
SRACTFHE FE DO BRI DOy BE 21T o 72, 2 OFER. KRB WEAK O KERIFTERE O HBUERE 13, *FHR S O
ZNEFERUTHY, ~ KD L) PR SE TR ofz, L, RWBEE TIEH 503, KRB
TOI, 40 pg/ml DEALE “IKERA 5T N T KR IREHCTHE C & 2 KERMHPEEE O @ B A B L
TWe, ZRHOMEDIZEAEIX, ~FaOHFORME LEN, 77 AREORETHY , ZOHRDWN
<OMIFE, BERBRTFAIRERAL TV, £o, 2RO OMEIL, Fix OFEKEIEME 5k
DHEN HFE - Tz,

WIZ, ZHHOMEIZ OV T, NaClEERB LU pH IZBI 53 E B X OHALF /KBS (FE
FALBOER) IOV THFT LT, HDHIE TIX, NaCl B, 3-5 %DM TORKEE L, Z O#FH TKIER
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PR LU, £, HAMETIL, NaClEED, 0-10 %DM THREB L. ZO#PH CTREBZFHER LT, \
THOMETH, FEEEE NaCl B E B L ORE T pH T b X < KEEEHB(ILT 2 Z LRI ST

ST,

KBDOEGNENE (&BKEOBRIL) (BT DI
o E PR R Tl BT

AKRERIT—FEAERPICE D AT D &, AERNWE L OBRERE L RIS OPEHEEE 236D T2
Wz, HNRIBFIENECONEIR TH D, H 13D A A b LIz BRI D L HIENMEN & &
NTWBR, AENICEBIT 514 OFE T2 XL 0 He 1T b S U CAEMKHKE & W5 2 L1 X 0 #ER
B L., RS ~OPEH b INERC A 5, He ORbEZ BT 5 2 L1c kv He® ORI OB
DHRANELND Z EDNHFIND,

TERDIFFEIZ BN T H OFAGICIZMIE T O # T —P N ERFE 2B LTV LWV I EZHN

BRTHD, LDLARNL D E T —BORBERNIZE TS H ORLK - Th D L i13BE z T Vv, Fx
TAKEREEF O He” OBREIC DWW THFZE & D T & 72B%, KiRiEH o Hg’ Oty SH LA DOIFETIC
BOTHEIRE SN LB S 2 MG Lz, SHALAWIC X 5 EERRNICEK T 5 He OF{LIc oW TIiE, AR
EROBE TR — b BV invitro DEBRIZEL DV BEINTWD

AL, EERNICEE] ﬁf?ésHmAwmimeg&mmmﬁﬁmT EVE, KON Hg' OREAL
AN =X BORF ATV, Heg® OB OMEN K ORI B 5 s B L 4 5,

EFRIT, KBREPICBT 5 He' ORLOFHEIC AW T VR EERN~OIEAZ BEICAN TH
SMNET-T-, Thbb, HT 2L TP ORIGH L He 2 A7 S8 T 371CITB W TRISH, K
S O He" % 2584 A TERE L7812 He & e biBic K v e Lz,

FARZAMEE 0.1 M P-buffer, pH7.4, 37°CIC#E L. SHALAM (cys, pen, GSH) DIF{E FIZH1F 5 Hg' D
FRALIZ DUV TR 22 3T 24T o 72, 2 OFER, FEEHROFER, pH OFFEL, #R LIk, 2he
O SHALAMIOTFLE FICBIT 5 He' OBLOMEABNBEE TR D Z LB LN oTz, BT LRE
FANTZESBA 72 S A 7 = X D ORI AR OB 25 ENEE TH H 720, He™ L fix DEHE
R OfSE TR EOB T A B BIZANTREEED TV D,

AP RIT BKER E WERTTR OB EERICET SH%

hEF OB o w® ® O e &
WA R FIR EE

AF KRBT E b ROEDENICIY \“C%ﬁ;ﬁﬂ)qz?ﬁfn% CHEERZEATND, £Z T, B3
BRI BT A F LK & TR ORECERN DM FIT I T DM AR R L. A FKEO MR
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BUCRIETHHF LR OEBLZRNOMNCT LI L2 HNE LTS, REEFEFRREH O L > OJIE
EOBRFIZOWTERET 5, ZHETERRKEOE LV RED T L— A L R FFIROEEIC XD HEED
B &l A T & 7o, BEREIF O& U AREITK LU THRIRER SWIGEIC (MOHEIRE) o
BBLONHEARRRIZR D, 22T, ZOBMOBEZRET 52 I CAMEBEMEIC L o8 Lo LD R
R Uiz, Z OAMSEEREE & U CURNC YT o — AR #E 2 VD 5 A HESL L T2,
VAL R B DN AV EE & = ) BEERME ERFE L <2<, ZOMREHEIHET LTI iahoTl,
FIT, ZOERVFV - M EROWTE L UHIHIE R R L T, ERERE 2 e & i
FeCofE L. ZONMRIRIZIEREZ N Z 100 CT 30 wENE L L U BiEE L ol L UiiEE L v
WL L, HICHEME M THEBRE L T4 ELREICLT, ELrE2YTF Yy — ML= T LT,
ZO MU TYT Y = U LR F OGS L FERICIZIEE R LV 2325 2 L Rk,
WIZ, 2O M RENHE L EZKB~OBTLOBIETH S ML=y OSBREN, Lo O
WENENZ EDBIBETHLIREETHLREECTH 72, 2T, MLz U Ol E < FHREMERTIN
ZEEYVFIZRY, VIV~ M UMBREETOF FEBICHET S I L, —J, BELU D
7 L— A L ARG TR B IAERRF] [P (NO3), & Mg(NO 5, DIEIR] Z M Le iz o
R, EHAENTIE E OBAEKIFIRE LTRSS, bz L RIRER T 2 & I3 A BRI CRi il
LT EMAISMEZ /25, 2T, NI VT ALY TR U MO & ARRBCE T 2 L S ATEE
DEIDERF Lz, ALFRIO 7 N = N LV OfFFE b L ICHRFH A B, WEREE D EO KT
WL CTD, 7T h= R U MZEET 2 2 L2 & 0 Bk BMiFI 2l T2 Z &N T&z, 20X
2T, MERPOELV VT r— b T LY B h= b UL TR L7 EfiAl 2525 2
LD, BELroT7 b= AV AR REICE T 2O EITEEICTERT A 2 LR TE i, HIET
D M DI L DR SIA CER TE 2HANTH Y . ELAEREZTEANT D A0 6 O]
NGB 72, F£7-. ZOREEITRL~ Y SR AEREBI O L o SIS E -,

30



4. % % BF 3 B
W E o =

FEFRFIEEE ClE, AL E CTARAKIMEFHURIZ 31T 2 A HKENE Y & TSR R T 2RIV T
MNEB LOBRBEOWEN S OMNCTHZ L2 B E LT, KRN OEFRNEZ RN 5 72 DK FiE
FREEIOIE « BT 2D 5 — 05 AHOKEEENE, Fri2R IR, FrERMICk T 28— ERREEZHL
DANTT D 72D O FEBRPEFIIGE, KR L 2 FERER ONAKFEM D72 b DT =42V > 7SRO BT
gt. KB R OVERRRIZHT 2RO T 2 EFE L FEM L TE 7, 61T, KEN D ORI
ZERTC, R KRB R E L THROBLZED TND T T UL - T~ Uik, %oV
=7 - ©7 MU TEIZ U O & T 2B USRI 31T 2 BERICHE 5 KENEY01E >, HE - HMNE TO
LT85 005 DKERFYGE, [BAKERIEILZ 23032 B FNF AL OKERREEIZONWTEH, ZHET
DEL A A LT EBE IR 2 S8 D T & 7o, UWFEEO 2 b OBFSEIE, KRR O RE OfFEFIX
e R, BUE, B A O EITE(L L DD 2 AKEG YT T 2 REFEAE 1 7D D )b R I % S E
THEDICHLEETHY | FHCEBRARIER - B RIS OV TIZERS - AR & miEl i % &
DI OTEMEEZMG L, SOICERSE W LERD D,

WARR 9 HEFEIC I DA OMSHE L T OMEIILL T OEY Th 5,
1. ZKERTE Yt R SE L ks K OSBRI BT 2 /& Ao
2. SAREZEEL MW TORDIEERRICKIET A FAKBOREIT D058
3. PRI A R TR E DO A 7 U — = TIEBRIC BT g
— A FVIKERIEFRIZ L D BRI N Ca A A IR L —
4. KENZHT HKBOBREICEI T DA
5. KFOEKB LOBRE®=4 U » 7ICBT 5085
6. ERERIZHIT HKBOERES L OWEICE T 5%

1 ORISR Ye it ds K O RS E R A4 beilig U 72 i A P90 ©L KSRV YL O JE R 25 1 BY
T HTEZ KRR ELREN D OB ZIE L CE2bDOTH D, AEEIT 192 F£F TOT —HZIZDOWN
THFRE, BEA, MILEEEICOWTHIT 21T 72, FEEHIER &St % i35 & HAdmicoun
TIEHENRR O o723, FHEBIZ OV TIOREmWEAA R b7z, 8 2 0 3 i EZE O
FILROREFEREZ K BIRFAEYURFICH > TAFL D DM~ DERTHY | BIEHETEINT LT E R
A EAE 1% DR A I RO S FH A MRAT 2 T L 0 MO L ORFRRIEIC OV CTiat 217 -
7o R 3 ITHOWTIR, REGEWE O T CHMREIEM 2R TWEDO R 7 U — =2 ZIEDOBFITED—
BR& LT, IR A W2 A 7 ) —= 0 ZIEERGT LTz, ZHUE, ZAVE TOMFFET A F KR
FMEIZ LY CatbHiAR G R AT L L2 R L, A FAKBIC X D HaEERFICBIT 5 Ca A
Fr DOREENRBR SRR ENTZ LIRS TE Y, SFEITE0E Ca 4 AU HRHETH S Fura-2 2 FH
L7- AN Ca A Ao JERE R EEERE 2 BT A FLKEREENE & MK Ca A A L R D2 S & o B
DFta T o7, 8 4 TiX, BENTOKRBEOHEHAL L M A LFRINRHE L, 2 b OWMERIC &
TR R OB A UL PR FIEEZ AV TRET L. BREEPICRIT 2 ARG I E 282 1 5 7
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LIS LT HDTH D, AEEITKRRN EROEE 2 FVT~1ppm (272 % X 5 KR 2N 2 TEE
AKFEDETNKEZER L, Hlix ORI TIKBOFEAL & T DORAND Mz d~Te, TOMER, ATF NV
IKERDERRIFAF RIS FIT & 0 ARME S, Sl BT b RO T A TV /K SR AR s FE 73
U AR T3 5 72 SHIRIRO RS B 2150 Z &N T&E 2, M8 5 ITOW IS EEKRET O ) 215 T,
KRB L OEDIHR O KE R 2 132 U & D BRBTFE h O A4 - BEHOK RO RS L 2 IE L7z,
FTZARE 6 TIE, KRIMOERESEICEE LT, 51 EHEE R R TOPKP - kP ToOHREBRZE LT,
AR D ORET 24TV, WK LK T TIIOKER O - SREICEIENAE L D 2 & 2R
TORR AT, S HIT, KREGYMX L0 AWRE 2 R L AERER ORI 21TV FOZARM B K
OHHEMIEIC DWW TOIE RS, TRAREREITAT 9 IR X OMEHTHRR & b U COKEE 423 B R
RICKF LT EELS <D,
A TR

KRG e U E RO T RE L USERFIZ T 2B FRENE

n Bk A R ORK TR
hE S

A FIVIKERDOMREIMBER I 6T 2 B A TR BT H T2 2 DB, WELEARBRRENEZ N,

BUE £ CIZIERIRNT 24T o 7o fE R Tl KRR MBS CIIITFRER & BERBOETENE N &0 ) RN
BoNTWD, REEIL, FR4FEEETOT—F 2T, SERETTZ 2 2 ART-,

AR, FEACHT, EEAORET BT, KT, SRET, EETHET (FREHR) LxtiiE LT REiEBR
SIRRIEELD A 2 > GRFFR 1, R 2) (2hF T 40 %D 84 £ TITOWTHAEW., THRE, BRA,
Jid B B L DWW THEBINCAEHE(LAE L b (SMR) ZFPH L, a2 17572,

B PR BOFEEHUIE & 5 BRI OFEAE(LIE LR IE, FAEMIC DWW T, BHERNEEHIE 094 | xR 1
0.92 12 0.85 ThHVv, LM faEHlk 083 . xfH1 0.85 %2 089 Thot, HFEEIZDS
WCIE, BN TREME 221 B 1T 195 2 2,62 ThHY ., HENFREME 2.55 xR 1
275 X2 3.03 Thotz, BEABICOWTE, BrEAfEEHE 081 & 1 1.23 X 2 0.63
THO., SR EIE 093 (xR 1 142 X 2 239 Thotz, MLEEBIZOWTL, Bk
DMREHIE  0.57 (xXFEE 1 051 XfHE 2 049 TH O, LMERNIEEME 060 (% 1 1.49 Xt 2
053 Th oz, FEMTONTIEZ, oMk e iz LT 2T <, MEFEEICOWTHEETH
STz, FREBIZOWTX SO & g LT < BIRAIZOW TR CHRAEFLM K< 72 5 Hisk
EEEL RDEMDAH BT, AFERZ 1991 FOfMT L T 5 & BHEOBERBEDRMUUS, 121X,
FERZRAER CTh o7, BUE, BIEOBRBOEREEIE CRIZ OV TE KOBHEBIZ OV T E HIZFEM
BFHEIT> T D, KEEOYHIKIZIBWT, HOEBORERENRE N2 L1E, THUTKEBOIHYE
ICLDHBEWRIEDL—DOERIERDEEXOND, ETKBRHED EOEALIC, BB E LTH
RV 2 RAT 30, TN KERICYe e S/l o & o 7= vE 0T, — DO BRI & 72
D
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SHRERBEZEEZEZHVWTCORDODEBTRRIZRIETT A FAKBOREIZET HH5E

BoA R R TRl PR OEE
HIAT &R

IR QN HAETII A FAKERIZK T 2NA VAT TN—TDO—DThdEEXLNTEY, AN
L BT HEMKOA FKENFYLO I S 2 Hidd ¥ BTl IR ATRE 72 A8 1 & 2 i A 0D A F LK
SRR TR B ORI QN Z 4L S O K O CA F 72 RO RBRIRE DR N IEFICEE & 75 TL 5.

AEEIT, KR, EZSRETEE DR 49-54 £ % TO 3 I EELEZ DR SN TV AHEA 3
2—H—ZAN LT, T T ATE ROEE (XAFVKBOPEH) BNk S BERICERL, HE
SN ORBRRIEIC OV TR 21T -7,

&, E, KR OREINCH W AIZE LB BN A X & O E ] THE O ZNRD H i
R oTe, EOMOEF T« BV OHBES BRI AKX E K OFEER THEDOENRD 5
NWipholz, (B L, WEFN49MEFE D EASARET K ONMEFI49FEE O b (GHIX) OB R T— N CTHRZ BT
2N | DRI R DM 0D LIS oD [F) AR 2 f OV RIS 00 3247 B2 LR T He A~ B0 D 7200 O TR PRI B A2
HIZ2 WS LB MIE Tl o 72 OKIR T & DB TIE x 2 test CHEICEY) » ZOHEA DRV D
B DIEIEF % Hlg e OUEEERINZ AR T 5 & HEARARRT OREFI49 [(5/37), 13.5 %], 50 [(1/29), 3.4 %], 51
[2/51, (3.9 %)]. 53 [3/47, (6.4 %)] S U544 [0/36, (0 %)), 7 b (SR HLIX) DO REFN49 [7/30, (23.3 %)]. 53 [4/46,
(8.6 %)] L TUNS44E [2/29 (6.9 %)]. AL (FEBHIX) DBEFN49 [0/42, (0 %)]. 53 [3/43, (7.0 %)] M 544
[5/46, (10.9 %)]. b CREFHIX) DBEFN49 [1/20, (5.0 %)]. 53 [2/18, (11.1 %)] K OS44E [2/22, (9.1 %)].
AR OBEFIS0 [5/255, (2.0 %)] M ONS44 [12/232, (5.1 %) ThH o7,

LD Z &7 B HERIAYEE DHEZARIT K O AL (G X) TI— N THRZ BT 72 v D RIZR D Mt o
Hitds 0D [R) 4 B e ONR] Hitds o0 2245 B2 DA 1 B R BRI M T do o 72 & 5 A R0 R O fRIT IR & 1
LWEBZDHND, ZHUTYREOEEREE TIEH DM, FHEMICT VA o SN EFERECL DO
TR, 7 — MAROEREBICHT 22 ROFDORETHVEA DA T AE2HT5H5THH
IEEZLND, BT, TNV A XE/NS R E TRME R 2 WERTH D & v H K& 72[
BREZHEZ TS, 22T, BMATINODOMEREZEATEE I TOBLR LA AT, H494123
I RARRERS & 52 1 T VIR FN4S-46E N IR B I Ch o 72 L0 D 2 LT D, YOI FEO K ERE XK IR
ELTEWVHEDHEREINTND L, BEFKIME DS ERITIT TR > THRNDT, —ANTIREBT S
EEZTRIBEBIOHEKD L 512785 12 K246 71 H ORFN A F /L KERO BT /0BT &\ D A
REMEIXSE RIS BITHR RV, — 5, BEFI494= 2 el L 55 3 /K (5955 O R RE S BR 23 UK ERTB Y S i & TRk &
<HY W TWERHIThH Y HFIETLEROBRORE -T2 & WV ) R RBRWITHEL T2
DORRIRFERD TIzAlietE b +0Ic&E 2 bhsd, Bk, BERT—Z T2 BARERIETNE2RA 60
OftTREEE T Z L ICERARS 5 L Ebh i,
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AR EE L R TREBFEMEDOR 7 V —= v JIERRICE T 205
— A FIVKERIRIEIC K DB RMIE A Ca A A RERL—

Bk WeE RN RS ESE

BEBREGE OPIITAMKER, 8, AEHEO X D ITM~OBITHEEZ A L, [MARIER 2R
HONRD D, ZILH OWEOMREEMEZ 2RO E 5 2 & e  EEBEr e 2 VT A2 )
—=V T LA BREERBEE 2D EEXOND, 2T, IHEOMIFEOEAIC L Pk
AR RER EIHERF O 7= O ITAHREMIL DO NIMIAFET D Ca A A OBEBEEDNER 2B TE TN D,
Fio. MEM AL U & F 2 Fx OfthMiaiESR IC B0 2 LBERYWER Ca A4 ThHY, Mlan
~OD Ca A A OBFIFHASMIMIEE S SR T EZLN TS, iz, T’xld, ZhETO
WFET Ca F v U RAEHHIN A FAKBHEERBLOMBIR LG T DLV O WMEEZIT-o TR, AF
VKSR K D AR ETICH 1T D Ca A A DG RRIRB I N, T2 T, &ED Ca A A2 &R
HNZHEA T 2B RIEDO BT Ca A 4 OBEOEAREBEICHE L Xz, Fxld, 20wk
FRRIEZ AWM Ca A A IR EEEHG AT IEE 20V, Ca A AU ZET 2 Z &Ik D A F KR
2 X DIMPEFER T 2 AL 5 2 L L Lie, £ LC, IMMRESEE AR OREAEWELY. &
BEREWEZHERT 5 2 L e EHEHRRAIR 2 W TR Y U —=0 7 5 HiEE LT 5,

AR IT BB U 7o/ NMEERI A 2 IR N 0 Lo 7 A & PR ERRAT S A T S K 0 iR E 340
nm ([ZFEE L. 360 nm DR Z X F /LK ERIR TR AT 72 IS L TIRER 6 0flad 340
nm/360 nm DD K E & o T[CaZ IDE L LT Lz, BERRITIE L A F KB R OA F L
IKER-S AT A ATERIRFERRLAER D100 & Lic, Hb A FVKEEDOEE | VERIERD 2 uM A F LK
GRICHE D D L2080 & RS [Ca' iR ERZ DRSO T — 2 IZ#E Lz, — T, AFAKIB-T AT A
SRS ETIS A F VK- AT A LA 20 uM 1T D - TIOR T ER Z 5D P - D &
FH L2008 T — 2 ICEELTZ, HALAFLKER 0.5 pM L ONA FILKER- 2T A UHEIK 5 uM Tl
105 B OB O 1 TR [Ca® i L FTFRD Heh o T, HAL A FAKEOEE 1 uM b EFR
BELESN 2 M TIHIRBNISHHN DS ERANEE 720 A TF K- 2T A U HEEROBE[Ca™ iDL
FIT 10uM oSN, WFE S, BENE L 2R DI2ONT[Ca i LFMNIEE HHHAEL 2o
T2o T 2T AF K- AT A AEIK 50 M OBE T H[Ca™ [id EFI1T, b A FAAKSE 20M &
DIEMNSTZ, 20 M D A FILAKER-2 2T A AR L H[Ca™' i ERIRIERIE T OCa™ &R =54
THOEBELZIT Rt -, HROCS HEHHIN[Ca™ i O LA ENEN T2, YLD &
NG, AFKROMMFRIEDRIIEFICC™ NEE L TVD T EARBENTA, A FAKBOA
WTOMBE~DOBITEEZD E VAT A G IRTIRET 250 in vivo TOEHZ XY KL TND
LDLEZD, WRKETOCT ZRONZHBA THLERMRVEA ERBEC[C i O LANEZ ~7-2 2%
L OB FEDOCa® $EHIHIN A FAKERIC L A[Ca* i D EFICHENE) -T2 Ehnh . ATFLKEBIZ L D
[Ca> iD LE5F-1%, MBI/ NEYE M 6 DCa> DFHETH 5 = & AR SN T-,
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KENZF 1T D KBOENEIZBI T 558

AR SR IBE 0.Malm

J.R.D. Guimaraes

ABFIEIEL, ZAVE TR L C & BB T I 2 KERDALETE R o3 AT % 8 B REM L 9 2 i b
PITFEZGE L, e N v —Y—2 5 E T AKEZ W TR A2 OBRBESM Tk iT 5 /KEBoEES
ERINHIET D 2 LT R0 . ARG R D 2 BN D X F KO & D5 KITT B
FHEREZHALGNILES ETD2HDTH D, Al BHEEICTI &R E ., KB LR TEIL -REEE
(CHARE R 720 0.7~1.0 ppm O *®HeClL Z¥M L, O _EERICH)IIK 1 L 28 L =T 7 /L KEIC>
WTC, Fix OSMETT3~5 A v F 23— F LTELNZFERO FIHAFENT 2 7 7=,

ZOFRER, KEN LV ELNTZHEREEORIZEB N TR, REF THER I A T VKREITIEE
HFKERD 3~13.8% #Hb, JKET A FLVKERIIRE CTRrOLEL<, @ - TROIEIKL 725 m 5
FHT, HERME L B O TSRS TIZ L D A TFVKEBOERENR L, EREEEZ TH
vk (JRRZ) U772 EE 2 W72 2 TIRIESOKERD X F ALK T35 Z En@Bo oniz, i
B OHBITBAET ~ Y AR Z 13 U ERRIC S K E 2B & 7o TV BB IS 2 Pl & L4
BRI O KEE YR, & ITEHOKERD D DA BEKIRAERL & 2 O A Wi B iR R O & & B
LCHIBRENSE DO TH Y | A% B2 HLOEERMLIETH D,

KEDEKRBLIOREET=F#Y 7 ICET A

WA PERF Rk xR hp T
RE B BL HE g Wk
fopg IEg JR)I s

ARG, KRS 2 vl & 2 REUkifds L O RSB IC I 2 KGO BUR 2 f042 L, AEIRIC
BT D EMRFEIED B WA F KO & FDEMEMHICELIWELT LT A EE2RbNE L
T D, KEBDILFIERN B O T2 DFHE L LT, 2k TUMFEE v & — CTRENT THE L,
B R & BT E 7K L OA FVKERO B ATIE 2 BEE LT L T E 728, AFE HIEE X
DENTTELZAFAKBIHICHN DB Un G ML ~OBITICHE S . SO EBRRIC T
LR, WESOMEGRIERZ D, T TOAY - ARREHS X OBRBEREH 2 F LK ERIZEBW T
Mo B W RE IR 2R ET H 2 LN T, FRAFEEIL, RO 7 v & —— |
Tdb HKEET KK FEFFIEAT O 1 25T, 2 E THL N S TW W KRB R HHTIC BT 5
WK DOIKEIZ DN TRRIKERD 7272 53 X FOLKEEOPRRIE L~V Z B H 2N TR, A2 5 0E L
Too FRIFFICEEICOWTH Y7 7 &2 i L, FMRICZE TUMstE o ¥ — TSI L T&E 72
FUEABE L CHRUKERIS KO FOVIKERE 38T LTe, BRKHIUSI3/KRIE 5, 7 s, Lo Wikt (R
) OEN\RHED 5 HS, BEOar hr—L s LTRARMNZED 9 S TH D, Sl TREBK
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BLOERBEIY 10m FTOWAKDIEINE R, B CILEREHOMKZ HERIL T,
FIERKIZOWTIIHRAKEE T 0.18—2.68 ng/L DHIFANIZH D . A F /LKL L~ULE 0.09—0.144
ng/L T, WTNLbBR, o, Lyliadm EZ R L, BAKERITH T2 A FLKBOEDH LEIEIL 4.5
—13 % Th o7z, FHALTOREAKTAEL LT 10m FEATHIZERSED L~ULER LIS, 5%
B IOV D K ORKEMEIZZEh 7.63 BTN 1232 ng/L, A F/LKERMEIL 0.13, 0.19ng/L T
bolz, LnLAans, ZhbolEi@iE/K (GFC-filter) TIXMAKIMEIX 1.16, 1.46 ng/L TH Y., KEB
SRR AE U TCTHAES D 2 LAV Lz, —J7. JERIBIC OV TS B NER & OIS C iy @i fiE & 7
L. B Z VX7 H OB T 7.02—9.02 pg/g (FLEE) | BRI T 6.50—7.83 ng/lg Thotz, £z,
Btk (1.14—536 ug/g) « EHREE (2.53—3.07 pg/g) 25 ZHUSRWCTEMEAE R LTz, EEH A F LK
SRAECTH D & RS BIENER T 2.13—3.60 ng/g (2 &) 4875 4.89—5.46 ng/g 551k 0.35—19.94 ng/g,
B9 6.87—13.50ng/lg DIETH 0 FRAKERIZH T D A F/VKERD D 5 EIE1E 0.03—0.53 % DOFFHN
Thotz, ZNEDOFEFITONTIL, BIEFIE O MK O B DR 540 % O3 Wit BCRTEE £ T
D F Y T L F DOEYESRITALE T D AT HOWN T ORARE LA FAKESHHRER L AT
S DICFEMZR R 2 D 5 TETH D,

ARBRIZER T HKROBERER K W EICE T D%

e R fREOBIEE RR TR

BREPICHH SN KBIZZNEZER LIZAEMIC I > TREESND ZENISHALNTWDER, £0
FREDFEMZ O W TIRMEIHDOE S MR Z\, AFEEIL, MR S A2 KERD & D X 5 12T
ENDON, FETIUTRFEOERRICKH L TED L D REBE RITT O, AFFN), ERFENRF
FREAToT,

1. FREOKEEI - & L REKREE & ORRIZOWT

VX (Anguilla japonica)% . AL A FIVIKERZ AR 10 ng/mL & 725 K 9 ITHIR 7o N TR
ANTHEAKRHPCS AHFfAE L, ik, fRds X O (K, 68 5. B, e, P, B 2881 C
K SRR B A A E L7,

MH, BRI SN KR ORIE T B BL R KEFEABTRHEDIT ) D@ o7oh, FrCif GRK, i
AK) ROWFIET (A, HEK) ICBWTHRKEBREOIE ) RERICED 2Tz, ZHUTK L THAT Ok
KRERRIE X, WFHEDOMTENA LN oT2,

Fio, KEBOERNGAIE LD & YKEB RIS T B /KRR E (TR > i 7 = 8 > [k > 55 ik = 5
>M="H >N ONEIC @ oo, —TF7, WKERIERECILEE > Mk = M > i > B> 5 > H > K > i
W ONEIZ 72> 77,

Z 2T, FEBRETHE OB KT ORI X OWAKT MK TICB T 2 U S FOKGEIRENS, FE
BRI o % 1 EERSK E & B ICZEMICEI L 7KERE (Bl 23ET 5L, MAKBETE X
% 215ng, WKEETEB L Z 216ng L 70D, Fo, KIEAMORKBRE L HEND, TNENOMEENFHE
BRICERE L T okokERE (GEME) 2k D &, WK TR L% 209 pg, MK TR EZ 131 g &
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mole, ZOME LT 2 & EMEDIE ) BIELNITEWMETH D,

TOXIRBENECTRKEE LT,

1) SFEFEOKIBEED A & 7 5

2) KHORLTEEBITI Y EHBEOKBEZERL TS

3) AKHOKER%E EAE L CREBIAVICE D IAA TV D
MEZONDH, KBEIEOHGRME & EHEE OMORERHEEEZX DL, VOFSITOT D
DEZEZLND, LTEDo> T EROMEBIZEICD)ELILDOERICEID LD EEZLNDN, RKEAET
BE LW AKEBRE & CIKEBOERRN DA /37 — ATHEN RGNS Z &0 D, /KEBOBEGR KL FEREE
WA B DOEARE L TND Z EIRIRERIEN RN DD E B LD,
2.M%%EE&%@%@%&%%EF&@%%:OwT

ST, KRBT 4 DORA o M ERGE L CTHIRHEAEYM OEERE LTV, SR A R &
DFIEIZOWTH-IT 24T > 72,

SEIOFETIX, KEBEOHROEEL L VR ZIT TVD EBEZXLNDLKIFBENDORA L F & LT
BHEOMREEFOMEEOIFEE, ENIV /NI NWEBZ LN KIEENORA L M E L“UTE%%
R E O ERHOMEELZERE LTz, T OSHE OB LIAMHIZ 0T, ZEIWEERIC
RGN T A 2% E L, FIIREO KEIZITE 9 5 SR, s, mﬁmkbto_h%®+m

T C, B ClL50X50 em = K7 — b 4, SR TlL25X25em 2 R — h 6 % 7 ¥ AT
. ZONENCWD AW E TR CTERIILT, BRULZAEVITEAZFEE L, I L OfRE & wE RS
Kbz, SAEIOREIC &L - THREFT 128 i, 16535 KO EHMNTRRENTZ, ZREMEOERE LT
Shannon-Wiener 548 H’=-X pilogp; (7272 L p;=n;/ N, n; 135 i OEAEL, N IZT X TOREOEAKE O A
) BE W diversity d=S/logN (7272 L SIFHEAF OFEL) % AW TR HUR O ZERMEIZ DU THug
EITol=b 2 A, BB X OUREIC L o TEAEMEICEN BN I MEL 72 DIE E SRR E < |
FIEMER LV AR OIE ) BEERMED ) | RS LHOHES. H2DVITBN LB TN
RoNZeholz, 7od, BHUSEZRE LTEBEOZERMEREOMIZ, H =1.38,d=303 &72o7,

I, BEARBOELMEZ RS RETH L2 VREE RO L Z A BNOY L EBHNOY T
DOFEBAIE 0.415, R H & VEOIE 0.483, #5411 & A TIE 0.205, EifiHr & AR TlX 0.155 & 720 |
BRI, BB E EFAOBIZEDZTIHED N ERbhoTz,

B, AEFHAE L& LSBT 28 iR L OME B 2 RO 7-23, EERECRAIRY T, K
REHEFICB T 2B EEWT s v s Fa hv I v XTHY | EE LB PNTIREERRICIE 2
HCEHE) BIUOERE (CKEE) © 2o 7ol s a2 b T, AR RS &
R CIIBRIEEY (S0 4) KR ITAENELL, FREPDRWZ EBREHTH L, £z, 4
FHFTIXEM ORI R A M REN DT\, BEE. H2D2WIXBSOY 7 id, THOHRENO
YT MR TEREO RN mr o T, ZORKIIAHATH 525, Al s LTEH 2 WIEAFIC
LDOBELNEZE 2 IS,
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5. @ B B % W N

HE - ENEICBIIKRBERATE v TAT e FRETEA
KERTFYRIZHE S REEHERE
— EMNERERERFEERT GRIE) & OLFEHZE—

R B FREREY R BT
& e MR hm T
TV OITHE  RE BRSO R
21 BER S TEIMK T A

ﬁﬁ?%%@bfwéﬁﬁ%%ﬁkLt?tb?w?tFﬁﬁi%kbfiﬁﬁ?%*twbhfw
LEMCTFILSOH S, TE - HING . EETELICET 2 KEHROERBRE L | BRSO ER
BIRWLAERIZE T KGO FEZET 5 2 k%ﬁ%kbf EBRILFBFIE A 1T 72 > T2,

WSO TS OPKIEIE, THOH S END 3.5km 1EE T > THEME CTHMBIH~ADR, £
D IVEBE AR A3 L, ZE N L CHERD FREOVEICESER A ST Y . Z OWEREmFEIX
180 ha {2 }e.55, VEEMIKEZIL 7km 1T EF o T, AEEIZFWTHBETICRA T D, BRI IIAERE O Lt
ETFRIZENENS D2 > TZHOD NTIHN ¥ o ORIEEZ BV TERIT 6T\ D, B 2SI
W, TS EENTHD, &I TIHEICERAROBIENEATH Y . £72ZOKIIFTIZH 5800
DOLGO TEMKICHA S TWD, BIZ, HEEMOKIT, FFRAE 130 7 A0, ST OHEK
ELTHIIESND PREICR > TV D, MBI 23 BB~ D HLS & B & v 72 J R oo ok
. s SIEORBROET T LA EZR LV,

AWFFETIX, ZOVEBO T E | HEHOK - EEIZOWT, KB ROEEBRELIT 72, £
FRIC iéﬂﬁﬁﬁ@ﬁ%&@%%@®ﬁﬁ%@ﬁbto

BREEY L OB X BRI AR E S E LTV AN D 6 % AF (BB A &, ZI8 1, .
ERE. HPEZ U CxlBEBURHRICRARI & &) 230N, U T30 2 » FTOPKO %Mz 7= 8 » i &
L7c, FICOWTIE, BEMRRBOBAGOM LR LRAITCOHY £ GREADEVWE-72) 2 AT
L7, MO0 B LOEAL OB LM E LTAFTLE, £ THOEIEEZN5 3km X
ETFMAIE D 2 A THOEEBL AT L, 2o h, KioWTik, —EtH7zv 2 Lo 8 L
%ﬁﬁt@%ﬁﬁ@%%%’%wfmﬁ%V%fyﬁﬁ¢k%ﬁLt¢_m%m@ﬁ%#/7waAk\
B X —IZRbmh  BIURUKIEIC X > TRKEIEEAZ, ECDf T A7 u~ 7T 7 4 —IlkoTA
FIKBEER LT,

FRFAEIL, TIEDHKIE L ZIUCHEBE S22 HVEMAKE., & L CEARNRAT 2Bk B L O
Z DO ZHEE) > THES T BB E T, BUE L TW DA O 2 Il L 72 300 Al22WnW T, %

DFAEZH DOKEREZPE Uiz, FHERMOBEICIIREEICET 57 v 7 — MR ZFRFCER L7z, 20
T U —hOH T, AFNKIRFPFREOIERZFZTVDAD I b, ElE O OB E R -
TWDANEFRIN LT 87 NTDWT, EBRICHEBEZ 1T 72 o CRFECRI 2 B & B v g4 550 U7z, BHE
X, PPEEAISEE o Ic e Leth, RBEE F - 13R e KU BIEIC & 2 RiTAVER O #4 S 1 IR S 15 TRaK SRR



JE 2 JE Lz,

EHAEI DMK S | 1.5~8.7 ppt (ng/L) DOIKERPML S 7z, LarL, WIOAY NiTdh = 2 BT,
NOZI & R TE <, K 46.5 ppt DR Eiviz, BIZZ O B, WEEMAKRE & OGAT
& HIERETIX, 13.5~604 ppt DRI TS, —FHxtf e LA T, 2.5~4.4 ppt OIRED R
e,

FRLZTEHENDOPK O 2 #FTICH Y, 2D 5 HLO—BPEKRTIE, 15.5 ppt Tho7znd, ik
7T N RPEKRBFEA D LA FE OHEK 0TI BREY Z L HIE L7254 2,198 ppt DFR/KER & 780 ppt D
ATFIVKERE G ATz, ZOHKIERETE L THEEAIKIEICA D HPIE T H 2 DO KITHAKER 1466 ppt
& AFILIKER 199 ppt 7R L7,

JREIZ DWW TR, EAEMIT 1.96~4.69 ppm (F2EH7-0 | JEE - HHEICHOWTUILLTFRIL) | BT
19.43 ppm Th o7, {EETITHERE L2 RE NSO T, JROBEWEEZH] D X 512 L TAF LI-aE 268
ST2IR, E O KERIREE L 1.16~1.52 ppm T o 72, K& 72 2 FLHRIHA O EEE X 0.33~1.56 ppm Z 7~ L 72,
T OPEK O O EE Tk, — K MIT 0.24 ppm, 77 > MHEKIAITIE 67.42~324.54 ppm 23 H &7z,

Iz OWTIE, BEHZY O ppm TRT &, EEMORMADEE., —FWOM (K& 30 cm Az,
{REE 600 g Aiff%) T, 0.026+ 0.005, —FEP O (KK 43 em Fii#% ., /K 1300 g fii#%) T. 0.023 £0.003
Thole, —HAKAITEY EFonzBED7F (KR 21~27 em, {KH 150~360 g, H#EEF s 3~6
) 1Z, 0.075~0.45 ppm ThH o7z, ®RE L TE > MO & BFA LI T2 0.01~0.06,
BL0.02~0.04 2R LTZ,

FEROFEEZIZOWTIL, 0.15~11.80 ppm O#EIFHIZH >72, 2D 55, EEWELOERIT, 2D 90 %
B 1ppm LR Th o722, THEEOFERIE, 1ppm EL T, 1~4 ppm, 4~12 ppm 2ZIE4L 30 %3 D
LW A E R LT,

EMNERE AT L5 TIE 1981 FELARRIERE 0B U L DK AEA L TR Y . ZhIZ kDK
SRERERITN 95 % L R IN TS, BREINTITIE - 7= THPKOKRIKER (2 ppb) DK D3 FEY)
LTV DD L END, T2bb, ENEWESEL), AL TR RS &, KICEML
TWDAREHREEIX, 24 1/10 720 L 1/100 (2RI L7z, & ORREMICAT S L7oKERIT, Baw & &
HIC K & BRI IERE LTI OKRNBIERAND EB 2 6D, —T7. BEMOKITED 5 FEORK
T % FFDRLHRI 2> & DR AKIZ L > TR EN TV D, VEREAKESIRA LI2gKIEE Z TRIE
AR END, ZDOZLitk>T, EHEMOKBELNVTENr -T2 EZBND,

LIEDRER, BERHIK ORI X HBREGRIT. BE L THAH R C 52 BalioEgn, T
225 3km FTO, KO JERE IO THEZFRAFE L TV 2208, BBk K OVE B O KIZ DWW T
AARIZERIT 2 KEREEL TEI> TV, LaL, DT2RMR 6 THRPARI D EEMITKENRA L T
WA, SEIOKFEFECTHELLREET =4 V 7OFEELER LT, BEFOENIZE > T, K
B RE - AN ) NSNS Z & AR HIFF LTV,
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ERv—svavS

International Workshop on “Health and Environmental Effects of Mercury due to Mining

Operations”

EBEUV—7 v av? [&BRBICERT 5 KEBOREEE

v MEER fOEE LB on &
AR FEME

FROEBRY —7 v a v 7E BERIKEFE#RENEE 2 —RO7 4 U EVEREE, 740V ER
FOEMDOE & ERLIFE 1L A 26 H~27 HIZ~=Z 2 TR E N7, ITICHIROES & iR
ZElT, RBVERRY — 27 2a v ST D O FLERIE Proceedings of International Workshop on “Health
and Environmental Effects of Mercury due to Mining Operations” & L CENKEWRAR ST & —02 6 1
ITENTN D,

T, 74 VB A2 RRUT 7 ik BEZ RIS ERIBIC M © KRG EE L L, kR o
TEEA~DEBEDBE I TV DA, 2 b I OB EDORR LT R b B L ET HEE VW2 D,
EVDIF, T4V EVEDOI UETHEOT 7Y U NTRIBIEEEIRIC Y O KNG YN BHE el ZAH L
DIVTWD 726, HUlB O YR & (R 8 LOU‘T@.@H%%ﬁﬁ HAICERE ST,

[ EERAR IS EE R 3 2 K ER D BRER TG e & I R WZET Y= a vy iE 11 A 26 B
W27 HO 2 HEIZHTZY | 74)t/lé%vzﬁﬁm®f%w*#wfﬁbﬂ SHRICITAA, 74
Ve BTEROA YRR T O 4 BEOWFEECITEE S 153 232N LTz, REOEHTIE, &
HEREPEE L, 74V ECEARZOU =7 v a vy FIZHEE LW OE S HRE DN, BANGIE
Uk o —DIEIDREART:, BIRERT. AARETF RO EE DY, K K D8R CEY
HIBFZE DR, KBOE=2 Y 7 FE, BEORBEREFEIZONWTHE Lz, 72, 74 U EEHA
O ITBREE T OKERG Y ORI & | /jéﬁLLLI'?WKfEﬁ'LLUJ—JLO)EE@E@?}}]E ZOWNWTOWENTHOII,
Z DA OBINE D HIL—KIBIZ I 1T 2 KENGY DM FERE R, 7 & EH—E s RO AETFOBUR & 15
Qe STz, _ﬁ’b%OD#ﬁEﬂ:%ﬁ 2. A% OFENTERRENG Y R IZ OV T O H ARDRER %
FAMMRFEE M TON ., 2 HEOY—2 v a vy 7B L T, 74 U ECETIE, oBi%E LE
FEE, GERHT 2 EXITKBEMZATT VT LEWVWI EEEBR ST, TOBRBULIEE L CKRE
FHIFDLZLIZES T, @2EHT 2 FERHOLNTWD Z ERghoTo, ORE T Sz
KEBIZ K DBREEIHYDA R E R E 72> T D, 2 O/RESURE THAT L /KEITHEKE ()F
KEE) THY . KIEEFEORKWE TH L AWAKE (A FAIKER) IR L2, BEKEBIIERATH
AL SNBIZEHRSND T ERGhoTWND, ZD7d, SRFHICIEET 2 7 @E DN KIRO KK %
VAT Z LI Ko TA U D IEROKERFEIES 1T T, ATFNVKBEGATEAEZREICERDZ LI
F o THEL D ATFNAVKBTFIETHLKEFHOFELBMESINTWD, 2 HMIChEs YV —2va vy
DOWEDOBHARLN DX, EWVIZHBRFR T, 74 U EUIAZBT 5 A FILKERHFEIE D B 1 IR
LTV, Lo L, BEEEEREORRL IEOBLED G B2 DA - e RO 6N TR Y | EARNF T
AEDOT— va v T EZEIZ, SRV NEITo TV TPETHD, 74 U EVETIIKINGEROHE
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REHETHONTND N, - REE=2 U 728 2KBREIL, Fh L OERIERKERIE CREMm
ENTWD, LLARNG, K5 $ﬁ¢32fh®ﬁ'ﬁ%§%> BoNleT — 2 ORBEERICHENE SN TN D
7 4 U EVEROBEDHER: - HEO T DITITEEOKIRO 472 5F°, A F VKR K D7EROFEE, Hk
D30 A B LTSRN O RNC Do - TRAE LG S EFRE - REE=42 Y V7V AT A% BRI
WET LLERD D,

B H—TlE, KRU—Tva v TORREEKEX, 740V ENOIFES 3 4 2L, HLEF
ge, Bt a0 5 & &b, KESWHREOBER R OKZE, £ TIEEORE 21T o712,
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(2) FIFFRRTBIT 5K

(1) Akagi, H.
Recent international collaborative research activities in NIMD.
NIMD FORUM °97
July, 1997 (Minamata).

(2)  Akagi, H.
Exposure of aboriginal people to methylmercury due to gold mining in the Amazon, Brazil.
SCOPE Workshop on Mercury Pollution in Asia.
September, 1997 (Changchun, Jilin, China).

(3) Kehrig, H. A., Malm, O., Akagi, H. and Rebelo, Y. F.
Analisis de metilmercurio en pescado de la Amazonia Brasilena.
XI Chemrawn-IUPAC Meeting on Environmental Chemistry-Latin American Symposium on Environmental
Analytical Chemistry.
March, 1998 (Montevideo, Uruguay).

42



(4) PREEE, hAHe, &8O

IKAE NS ORI A OREERER & KRG & 20l
25 RE R =
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(5) &g W, PEPEESERS, [UoChE T, HEATER, HIRLAR

HREICBT BN T v RBIGYRIC K D REFERE

% 67 I8l H AR i a

V94 A (HR)

(6) IBIEIR, M, FENBE—, i W, HAEE, BHUER, ik K

ERNOZFERNT v RIGYHERSE B2 W) |

55 46 ] H AR A R T2 i 2

R 99 A (K5)
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(HHEEBMNOZENT v FIGY% &R
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Pathology of Minamata disease.

Toxicol. Pathol., 25(6): 614-623, 1997.

Eto, K., Yasutake, A., Miyamoto, K., Tokunaga, H. and Otsuka, Y.
Chronic effects of methylmercury in rats.- I Pathological aspects.

Tohoku J. Exp. Med., 182: 197-205, 1997.

Eto, K., Takizawa, Y., Akagi, H., Hraguchi, K., Asano, S., Takahata, N. and Tokunaga, H.
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(1 1) Other bacterial toxic metal resistances: molecular genetics and environmental concerns

(CFrk 94 11 A 10 H)

AV ) A RFEFEHZSE  Dr. Simon Silver
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Bacteria have genetically-based resistance systems for toxic metal ions including Ag®, As0>, As0,>, Cd*", Co™",
Cr0042', Cu2+, Hg2+, Ni%, Pb2+, Sb* i TeO32', T" and Zn*". Each includes a regulatory determinant for resistance
mechanism itself. Genome “releases” of total microbial genomes and partial genomes for higher organisms such
as C. elegans and human have included ORFs that are listed as more similar to those we studied for bacterial heavy
metal resistances than for any other data base entries.

For example, gene products homologous to the ArsA ATPase have been found in Methanococcus and humans.
Thus a useful two-direction pathway has developed,where detailed studies of bacterial metal resistances facilitates
understanding of microbial genomes and each new genome release provides additional homologous systems for
metal transport and resistance. Other recent examples will be discussed. lon efflux resistance systems have been
found that are either ATPases (for example arsenite, cadmium, copper and silver efflux ATPases) or chemiosmotic
ion/proton exchangers ( for example for arsenite again, and for zinc, cadmium and cobalt cations ).

The genes defective in the human hereditary diseases of copper metabolism, Menkes syndrome and Wilson’s
disease, encode P-type ATPases that are remarkably similar to bacterial cadmium ATPases, and the studies on the
bacterial resistance system are key to recognition of these genes. A newly studied silver resistance system is of
importance in situations of medical use of silver compounds ( burn patients and silver catheters ) and industrial
environmental settings ( film processing and mining ). Bacterial enzymes reduce arsenate [ As (V), As04” ] to
arsenite. [ As (II1), As0”] or oxidize arsenite to arsenate. Unexpectedly, functional arsenic resistance operons
were found on the chromosomes of both E. coli and B. Subtilis.
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1. S. Silver. 1996. Bacterial resistances to toxic metal ions. Gene 179: 9-19.
2. 8. Silver and L. T. Phung. 1996. Bacterial heavy metal resistance: new surprises. Annu. Rev. Microbiol. 50:
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(1 5) Studies on dental amalgam and mercury — exposure, accumulation and effects

CFRk 10453 A 11 H)

Institute of Environmental Medicine, Karolinska Institutet,

Dr. Lars Bjorkman,

The aims of this work were to study exposure to mercury vapour derived from amalgam fillings and
accumulation of mercury and selenium in tissue in relation to exposure from different mercury sources. Further,
influence of mercury exposure on enzymes involved in oxidation of elemental mercury was studied. Health effects
associated with exposure to amalgam fillings were investigated in twins by a twin study design.

The results indicate that mercury continuously evaporates from amalgam fillings in vivo and that the evaporation
rate increases with increasing temperature and after chewing. Type of chewing stimulation may be of importance.
The evaporation rate was not dependent on air flow, and the dimension mass X time' was used for intraoral
evaporation of mercury vapour.

Significant correlations were found between number of tooth surfaces filled with dental amalgam and levels of
mercury in plasma and occipital cortex. Mercury analyses of samples from autopsies of individuals with previous
occupational exposure to dental amalgam indicated increased levels of mercury in kidneys and pituitaries compared
with controls. Analyses of samples from human kidney cortex indicated that a substantial part of the total mercury
concentrations could be associated with fractions with low solubility, probably in association with selenium.

In brains and pituitaries from monkeys (Macaca fascicularis) exposed to methylmercury (oral does of 50 pg
Hg/ke body wt/day) for between six and eighteen months, increased total selenium concentrations were associated
with deposition of inorganic mercury. An important role for selenium in the retention of inorganic mercury in
brain was indicated.

In indivisuals with occupational exposure to mercury vapour, no effects were found from mercury exposure on
the activities of antioxidative enzymes catalase and glutathione peroxidase (GSH-px) in erythrocytes or selenium
status as indicated by plasma selenium concentrations. A group of individuals complaining of subjective
symptoms alleged to dental amalgam fillings had similar activities of catalase and GSH-px in erythrocytes as
individuals in a control group.

No adverse health effects or effects on memory functions associated with exposure to amalgam fillings were
found in a group of elderly twins (mean age 66 years) using a twins study methodology. The possibility of rare

effects and the statistical power are discussed.
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In conclusion, the results indicate a continuous release of mercury vapour from dental amalgam fillings. Uptake
and accumulation of mercury from dental amalgam is reflected by significant correlations between number of
amalgam surfaces and mercury concentrations in plasma and brain. Part of the accumulated mercury in the CNS
and kidney may be associated with selenium and deposited in forms with long biological half times. No adverse

health effects were found to be associated with exposure to dental amalgam in a group of elderly twins.

(1 6) Effect of methylmercury on male reproductive system CERL 1053 H 19 H)

HRE FSRBE R TEHE S 2 Z4%  Dr. Zhi wei Sun

(1 7) Metallothionein in metal toxicity and apoptosis CERK 1053 H 20 H)

University of Western Ontario, Canada Dr. M. George Cherian

Oxidative DNA damage can be caused by free radicals generated by transitional metals such as iron and copper
in Fenton reaction. Several metals and their compounds can cause both cytotoxicity and genotoxicity under
various conditions. Some of these effects may involve mechanisms of direct damage to cell membrane, affecting
certain enzymes, receptor binding or altering signal transduction pathways, and damaging certain specific cell
organelles or by altering apoptosis, in addition to indirect effects such as formation of lipid peroxides, free radicals
or cytokines. The induced synthesis of metallothioneins (Mts) is one of the cellular defense mechanisms in
protection against metal toxicity and it may be mediated through metal binding or free radical scavenging
properties of MT. In vitro studies have shown a protective role for MT in radiation, copper and iron-NTA complex
induced DNA damage. The protective role of MT in cadmium toxicity has been shown in animals, cell cultures
and sensitivity of transgenic MT-null mice where the two major isoforms of MT are absent. The increased drug
resistance in certain tumors may depend on high expression of MT, especially the presence of MT in nucleus. On
the other hand, murine hepatocellular tumors with little MT expression can be necrotized specifically with a single,
non-toxic dose of cadmiun salts. The carcinogenicity of cadmium in certain tissues of animals may be related to
down regulation of MT synthesis in these tissues. Metals and other inducers of MT can modulate apoptosis but the
role of nuclear MT in this process is not yet understood. However, an inverse relation between MT expression and
apoptotic bodies is observed in hepatocellular carcinoma and metastatic adenocarcinoma. It should be pointed out
that the metals bound to MT can influence the protective effect against both cytotoxicity and genotoxicity. Thus
copper-MT does not protect cells but can cleave DNA at specific sites and also increase lipid peroxidation while
zinc-MT can be protective against toxicity. The mechanism of the toxic effects of copper-MT most likely be due to
the release of a chelatable form of copper ion from copper -MT and this can participate in DNA binding or lipid
peroxidation. The hepatocytes in Toxic Milk Mutant mice contain high levels of copper-MT, including in the

nucleus and they also show increased apoptotic bodies.
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(1 8) Detoxification of heavy metals — Is this the primary role of metallothionein?

(CERE 1043 H 20 H)
The Rowett Research Institute, Scotland, U.K.  Dr. John H. Beattie

The Rowett Institute in one of four agricultural institute in Scotland and specializes in research concerning the
biochemistry and molecular biology of nutrition. The Trace Element and Gene Expression Group in interested in
the requirements for essential metals, such as Zn, Cu and Se, with emphasis on protein-metal interactions. My
work focused on the expression and function of the low molecular weight protein metallothionein (MT) which
binds 7 g atoms/mol. of divalent metals such as Zn and Cd in a characteristic two domain structure. Since MT was
first isolated as a Cd-binding protein, it was thought to have a function in intracellular heavy metal detoxification.
Indeed, it may also ameliorate dietary-mediated toxicity by reducing gastro-intestinal metal absorption. A study of
inorganic Hg accumulation in Zn-adequacy and deficiency, using rats, indicated that marginally deficient intakes
of 6-8 mg Zn/kg increased the renal accumulation of Hg by up to 3-fold compared to animals on an adequate Zn
intake of 40 mg/kg.

The radioisotope **’Hg was used to demonstrate that the Hg-Zn interaction occurred during absorption and not
at the level of excretion. Tissue Zn levels were unaffected by dietary Zn or Hg intake. However, using the stable
isotope "°Zn as a tracer, Zn turnover in several tissues, including the kidney, was found to be reduced in marginal
deficiency but was less markedly reduced on a Hg intake of 10 mg/kg. Thus, in marginal deficiency, renal
accumulation of inorganic Hg is enhanced due to increased absorption, and Hg seems to enhance Zn absorption.
These effects may be mediated by MT in the gut mucosa, as has been shown for Cd.

The generation of healthy mice with targeted disruption of MT-I and MT-II genes (MT-null mice) has
demonstrated that these isoforms are not required for survival and reproduction. However, the MT-null animals are
more sensitive to stress, and in particular, heavy metal toxicity. Some other proposed functions of MT have also
been evaluated using the MT-null mouse model. Primary cultures of the hepatocytes from MT-null mouse liver
were more sensitive to the oxidant menadione than cells from MT-normal animals. Also, cultured embryonic
fibroblasts from MT-null mice showed increased DNA damage when exposed to 10 uM H,O,. These results seem
to confirm the proposed role of MT as an antioxidant, but the levels of oxidant used to treat these cells may not be
regarded as physiological. So far, there is little or no evidence for MT-mediated protection against reactive oxygen
species (ROS) under more physiological conditions. However, we noted that brown adipose tissue (BAT) is
subject to increased free radical generation during non-shivering thermogenesis when animals are exposed to a
cold environment, and decided to investigate MT expression in this tissue. While injected ZnCl, (10 mg/kg), a
classical inducer of MT, strongly increased MT expression in the liver, little or no response was observed in BAT.
Conversely, cold exposure at 6 'C for 24 hours stimulated strong expression of MT in BAT but only marginal
expression in liver. This may indicate that MT is induced in BAT by a Zn-independent mechanism, possibly
through the presence of ROS in a tissue that is undergoing considerable metabolic transition. However, as yet there
is no direct evidence that MT has a role as an antioxidant in this tissue.

MT normally a cytoplasmic protein, shows transitory nuclear localization in some proliferating cells. which
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may indicate a role in cell division. Since MT does not contain a recognized nuclear localization sequence, the
mechanism for nuclear targeting is unknown. There is, however, evidence that the 3’-untranslated region (3’-UTR)
plays a role in the targeting of mRNA to specific polyribosome (PRS) populations close to the functional site of
different proteins. Hence mRNA of the membrane protein glut-1 is translated on membrane-bound PRS and the
nuclear protein c-myc is translated on peri-nuclear localized cytoskeletal-bound PRS. MT-I mRNA was also found
to be localized on cytoskeletal-bound PRS in a perinuclear localization which may be advantageous for nuclear
targeting of the protein. Furthermore, replacement of the MT-I 3’-UTR with that from the glutathione peroxidase
gene redirected mRNA translation form the cytoskeletal to the free PRS, whereas replacement of the B-globin
3’-UTR with that from the MT-I gene targeted the hybrid mRNA to the cytoskeletal PRS instead of the free PRS.
The effect of MT-I mRNA transition re-localization on subsequent protein accumulation in the nucleus during cell
division is under investigation.

MT-null mice are reported to be viable and healthy but older adult male animals (aged > 22 weeks) in the
colony established at the Rowett Institute, were significantly heavier than other mouse strains at this age, such as
the C57BL/6J strain. Further investigation showed that the weight difference was primarily due to the high body
fat content of the MT-null mice (~50 % of carcass dry weight at 20 weeks of age). Increased fat depots stimulated
expression of the obese (ob) gene in white adipose tissue resulting in elevated levels of the protein product leptin,
which is secreted into the plasma. Compared to mutant animal models of obesity, such as Zucker (fa/fa) rat or the
diabetic (db/db) mouse, MT-null mice are only moderately obese and yet some of these animals showed ob gene
expression and leptin levels which far exceeded those recorded in the obese mutant rodents. Since leptin is
regarded as a feedback signal which inhibits appetite and increases energy expenditure, the MT-null mice should
have demonstrated reduced food intake. In fact, they ate 30% more food than C57BL/6J mice , indicating leptin
insensitivity and a rationale for the observed obesity. Growth studies on MT-null mice at other laboratories
indicate a similar phenomenon although it is not yet clear if the obesity is due to lack of MT or to some other
independent factor related to the mouse genetics or the targeted gene disruption.

In conclusion, MT seems to have a role in the detoxification of heavy metals and in scavenging free radicals from
high levels of oxidant stress, but this may not be its primary physiological function. Recent information indicates a
role for MT in cell division and differentiation and its transient nuclear localization in some proliferating cells may
be assisted by the targeting of MT mRNA to perinuclear localized polysomes. Although MT-null mice are
described as normal mice and that they develop obesity and hyperleptinemia in combination with hyperphagia.

This could indicate a subtle long-term effect of MT-deficiency but other explanations have yet to be excluded.
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International Forum “NIMD Forum ’97”

EER 7 +—7 & TESNKRFRREEE ¥ — AR 97

National Institute for Minamata Disease (NIMD) Forum 97 % 4#ff9tt o X —F D &, BT EHHEZ DY
gt v Z —EERFSE I ISR EICB VT, EA 9 F 7 A 30-31 HICBfE L7z, Aad oiiikx
PROCEEDINGS OF NIMD FORUM 97 & L CUIsEt v ¥ — L D FIT STV 5,

AGENDA
July 30, 1997

Welcome Remarks Yukio Takizawa
National Institute for Minamata Disease (NIMD)
Takao Ohnishi
Vice Minister, Environment Agency
Sukio Iwatare

Former Minister, Environment Agency

Session 1

Chairperson: Hiroo Kato (Former Director General, NIMD)

1) Prospects for Future Collaboration Between WHO and NIMD
Tord Kjellstrom
Office of Global and Integrated Environmental Health, WHO
2) Expectations for NIMD: Outbreak of Minamata Disease and the Responses of Company,
Administration and Local Community
Sadami Maruyama
Department of Sociology, Faculty of Letters, Kumamoto University
3) How to Use the Internet to Access Information on Minamata Disease
- Global Health Network - (Video)
Ronald E. LaPorte and Akira Sekikawa
Department of Epidemiology, University of Pittsburgh, USA
4) National Institute for Environmental Studies (NIES) and Ethical Grounds of Its
International Collaboration
Gen Ohi
Deputy Director General, NIES
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5) Recent International Collaborative Research Activities on Mercury in NIMD
Hirokatsu Akagi

Department of International Affairs and Environmental Sciences, NIMD

July 31, 1997
Session 11
Chairperson: Tsuguyoshi Suzuki (Former Director General, NIES)
Makoto Futatsuka (School of Medicine, Kumamoto University)

6) Cooperative Studies on Mercury pollution Caused by Guizhou Organic Chemical
Factory in Environment by China and Japan

Liya Qu
Guizhou Institute of Environmental Sciences, China

7) Environmental Research Activities by Environmental Management Center (EMC)
Bagus Bina Edvantoro
Toxic Substances Laboratory EMC, Indonesia

8) Mercury Biogeochemistry in the Amazon: History, State of the Art and Future Research Needs
Luiz Drude de Lacerda
Department of Geoquimica, Universidade Federal Fluminense, Brazil

9) The Mercury Problem and the Solutions Found in the Brazilian Amazon
Roberto C. Villas Boas
CETEM/ CNPq - Center for Mineral Technology, Brazil

10) Analytical Quality Control for the Determination of Organomercury compounds in Environmental Samples
Milena Horvat

Department of Environmental Sciences, Jozef Stefan Institute, Slovenia

Session 111
Chairperson: Nobumasa Imura (School of Pharmaceutical Sciences, Kitasato University )

Shoji Tsuji (Brain Research Institute, Niigata University)

11) TAEA Programs on Human Exposure to Mercury Pollution
Robert Parr
Nutritional and Health-Related Environmental Studies Section
International Atomic Energy Agency, Austria

12) Perspectives on Atmospheric Mercury and Its Fate in Aquatic Ecosystems
Donald B. Porcella
Electric Power Research Institute, USA
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13) The Biochemistry and Genetics of Bacterial Mercury Resistance
Hidemitsu Hou
Faculty of Pharmaceutical Sciences, Setsunan University

14) Possibility of a Measurement Method of Toxicity to the Germ - Line by Methylmercury Exposure
Takashi Kuwana

Department of Basic Medical Sciences, NIMD

Session 1V
Chairperson: Chiharu Tohyama (Environmental Health Sciences Division, NIES)
Komyo Eto (Depertment of Clinical Medicine, NIMD)

15) Postnatal Effects of in Utero Exposure to Methylmercury; with Emphases on Co-exposure to Heat or
Selenium Deficiency
Hiroshi Satoh
Graduate School of Medicine, Tohoku University
16) Effects of Methylmercury on Glutathione Metabolism
Akira Yasutake
Department of Basic Medical Sciences, NIMD
17) Role of Glutathione and y-Glutamyltranspeptidase in Renal Uptake of Mercury Compounds
Akira Naganuma

Faculty of Pharmaceutical Sciences, Tohoku University

Closing Remarks Komyo Eto

International Workshop on

“Health and Environmental Effects of Mercury due to Mining Operations”
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AGENDA
November 26, 1997

Opening Ceremonies (8:30~9:30)

Invocation Dr. David Lozada

National Anthem Mr. Roldan Calupitan

Opening Remarks Philippines : Dr. Perla Santos — Ocampo Chancellor, UP — Manila

Japan : Dr. Yukio Takizawa — Director, National Institute for Minamata
Disease (NIMD)
Dr, Yoshi Hirose — Environmental Agency of Japan
Welcome address Dr. Antonio S. Lopez — Undersecretary of Health Office for Public
Health Service Department of Health, Philippines

Module 1 Health Researches / Assessment

Moderator - Dr. Benjamin Vitasa

Co-Moderator - Dr. Hikaru Amano

Rapportuer - Dr. Cristina Dablo
Session
1. Knowledge, Attitudes, Behavior and Practices Survey Among Small - Scale Miners

Dr. Teodora Tiglao, UP - College of Public Health
2. Differential Diagnosis between organic and inorganic mercury poisoning in Human Cases
- The pathological points of view -

Dr. Komyo Eto (NIMD)

OPEN FORUM I
Module 2 Health Assessment and Researches
Moderator - Dr. Lynn Panganiban
Co-Moderator - Dr. Makoto Uchino
Rapportuer - Dr. Allan Dionisio
Session
3. Health Effects of Natural and Non - Natural Methylmercury Pollution
Dr. Kimiyoshi Arimura, Kagoshima University
4. Health assessment of schoolchildren in Apokon, Tagum, Davao del Norte

Dr. Irma Makalinao, UP - National Poisons Control and Information Service

OPEN FORUM II

Module 3 Health Assessment and Researches
Moderator - Dr. Komyo Eto
Co-Moderator - Dr. Cristina Galang
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Rapportuer - Engr. Rainier Galang
Session
5. Chelation of patients with elevated mercury levels from Puerto Princesa, Palawan
Dr. Erle Castillo, UP-National Poisons Control and Information Service
6. Nerve conduction studies among Palawan residents exposed to mercury
Dr. Jose Paciano Reyes, UP-National poisons Control and Information Services
7. Effects of succimer on nerve conduction velocity studies in mercury toxicity

Dr. Carissa Dioquno, UP-National Poisons Control and Information Service

OPEN FORUM II
Module 4 Health assessment / researches
Moderator - Dr. Hirokatsu Akagi
Co-Moderator - Dr. Erle Costillo
Rapportuer - Dr. Kenneth Go
Session
8. The effects methyl mercury on the health and well-being of Canadian native people
I: Direct effects
Dr. Brian Wheatley, Fmr. With the Medical Service Branch Health
9. The effects methyl mercury on the health and well-being of Canadian native people
II: Indirect Effects
Dr. Margaret A. Wheatley

OPEN FORUM IV
Module S Health assessment / researches
Moderator - Dr. Cristina Galang
Co-Moderator - Dr. Kimiyoshi Arimura
Rapportuer - Dr. Carissa Dioquino
Session
10. A follow-up of patients with Minamata Disease
Dr. Junji Wakamiya, National Institute for Minamata Disease
11. Suppression of reactive oxygen injury in patients with Minamata Disease :
A trial of Vitamin E administration
Dr. Makoto Uchino, Kumamoto University School of Medicine
12.  Analytical laboratory methods for organic and inorganic mercury determination

Dr. Hirokatsu Akagi, National Institute for Minamata Disease
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OPEN FORUM V
November 27, 1997

Module 6 Environmental / Researches
Moderator - Dr. Brian Wheatly
Co-Moderator - Dir. Gregorio Estrada
Rapportuer - Eng. Victorio Molina
Session
13. Assessment of mercury toxicity hazards associated with former cinnabar mining and tailing disposal in Honda
Bay, Palawan, Philippines / Natural and anthropogenic sources of mercury
Mr. Thomas Martin Williams, Mines and Geo-Sciences Bureau, DENR
14. Evaluation of mercury toxicity hazards associated with artisanal gold mining in Monkayo, Davao, Philippines
Mr. Conrado Miranda, Mines and Geo-Sciences Bureau, DENR
15. Environmental mercury and heavy metals in Ibaragi Prefecture, Japan
Dr. Hikaru Amano, Japan Atomic Energy Research Institute
16. Introducing new technologies for abatement of global mercury pollution :
UNECA processing centers, a definite solution for mercury emission
Mr. Winfried Wicklein, UNIDO
17. Potential health effects of mercury pollution in Indonesia

Dr. Rachmadhi Purwana (University of Indonesia)

OPEN FORUM VI
Module 7 Policies and Legislations

Moderator - Dr. Gil Jacinto

Co-Moderator - Dr. Kimiyoshi Arimura

Rapportuer - Eng. Victorio Molina
Session
18. A case study on the mercury contamination issue of Honda Bay, Sta. Lourdes, Puerto Princesa, Palawan /

Local government initiatives on the mercury problem in Puerto Princesa, Palawan
Atty. Gerthie Mayo - Anda, Environmental Legal Assistance Center
19. Minamata Experience - Recent developments on the government’s policies and regulations including
compensation

Dr. Yukio Takizawa, National Institute for Minamata Disease

OPEN FORUM VI

Module 8 Policies and Legislations
Moderator - Dr. Cristina Dablo
Co-Moderator - Dr. Allan Dionisio
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Rapportuer - Eng. Melba Sacro

Session
20. Mercury Pollution in Apokon : A case study and appeal for world intercession
Mrs. Gregoria Laygan, Coalition Against Pollution
21. Occupational safety and health legislation for the mining industry in the Department of Labor and Employment
(DOLE) perspective
Dr. Chita Cilindoro, Department of Labor and Employment

OPEN FORUM VI

Summary / conclusion / recommendations

Prof. Elma B. Torres, UP - College of Public Health
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